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Protein complex between Internalin and E-Cadherin
The bacterium Listeria monocytogenes causes listeriosis, an
illness that frequently ends fatally in humans. At the 
surface of the bacterium the protein internalin is expressed
in high amounts. In the course of an infection, it interacts
specifically with the protein E-cadherin located on the
surface of human intestinal cells. Adherance to E-cadherin
allows the bacterium to enter intestinal cells to replicate
and to subsequently spread throughout the organism.
Scientists from the Department of Structural Biology at
the GBF have resolved the three-dimesional structure of
the complex between internalin and E-cadherin allowing
detailed insights to a bacterial infection process at the
molecular level.

View of the GBF campus from the South. The
FORUM, providing venues for seminars, lectures and
other functions, can be seen in the left half of the
photo. The GBF-building D is located behind the
FORUM in the centre of the image. Here, a number 
of research groups are investigating bacterial patho-
genicity and developing vaccines. The building at the
right is the new animal facility. In the back, on the left, the
upper levels of the German Collection of Micro-
Organisms and Cell Cultures (DSMZ) building can 
be seen.

Site plan of the GBF

Cover thumbnail pictures from left to right: Determining the structure of proteins by X-ray crystallography

requires large quantities of very pure protein preparations. A single protein (blue band, right-hand lane) 

has been isolated from a crude mixture of cellular proteins (left lane).   |   Large scale protein production 

is achieved by fermentation of recombinant yeast cells.   |   Crystals of the protein internalin.   |   Protein

crystals are observed and selected under the microscope before being prepared for an X-ray analysis. Photos

(from left to right): GBF, Bierstedt, GBF, Bierstedt 

Photo back cover: Radde
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FOREWORD

Two and a half years have passed since the GBF made the decision to position

itself as the “Helmholtz Centre for Infectious Diseases Research” – two and a

half years in which we have made great strides and many changes.

The GBF today participates in a large number of national and international

research programmes and is a sought-after partner for noted researchers at

home and abroad. With the Hannover School of Medicine (MHH), we co-

operate in three special areas of research (SFBs). We play a decisive role in

both the National Genome Research Network (NGFN) and the EU project

“Eumorphia”, in which we are responsible for the field “Infections and 

Allergic Diseases”. This new development has been welcomed by the scientific

community, business and industry, the media and politics, and has contributed

substantially to the success of the “Vakzine Projekt Management GmbH”

which, in turn, has generated new impetus into the development of vaccines

in Germany.

Such progress is a welcome development, but is no reason to rest on our 

laurels. What tasks lie ahead for the GBF in the foreseeable future?

Prof. Dr. Rudi Balling,

Scientific Director
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5FOREWORD 55

1. The pathogen spectrum that GBF scientists are currently working with

needs to be extended. At the moment, discussions are revolving around 

the analysis of human pathogenic fungi, such as Aspergillus and Candida, 

or viral infectious diseases, like hepatitis.

2. Cooperation with universities and clinic partners needs to be expanded.

Optimal conditions have been created with the founding of the “Centre for

Therapy Research” on the GBF campus. Basic research together with clinical

research is jointly conducted with the MHH, Braunschweig Municipal Hospital

and the Technical University of Braunschweig.

3. Mice as the animal model for human infectious diseases will play a central

role at the GBF. New strategies for the diagnosis and therapy of infectious

diseases can only be developed using an entire organism. Cell cultures are not

sufficient.

4. Future research must be interdisciplinary. The decisive research results 

in the bio-sciences will come from the intersection of biology, chemistry, 

medicine, physics and mathematics. We intend to work more on these 

crossroads and expand, for example, the bio-informatics interface between

biology and computer sciences.

We want to approach these core challenges together and clearly focus on

them in the years to come. I am certain that in doing so we will be able 

to move forward quickly, even if financial shortfalls occasionally make 

that progress a little tougher. I look forward to working with our GBF staff 

members to achieve those scientific milestones and to celebrate their 

successes.

Rudi Balling 



A N N U A L  R E P O R T   F O C U S R E S E A R C H  R E V I E W S              

left: Analysing and studying streptococci | centre: BioS-Laboratory: Alumni applying DNA fragments onto an agarose gel | right: Recently founded: 

The Centre for Therapy Research in Braunschweig. Prof. Dr. Bernhard Wörmann, medical director of the Medical Clinic with his main fields 

haematology and cancer at the Municipal Hospital of Braunschweig (le), Prof. Dr. Dieter Jahn, Director of the Institute of Microbiology, Technical 

University  of Braunschweig (ce), and Prof. Dr. Rudi Balling, GBF (ri).   Photographs: Bierstedt (le), Ammerpohl 
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The GBF: A Helmholtz Centre for Infection Research

The long-term mission of the GBF is to establish itself as an internationally recognised centre for infection 

research. In 2002 the GBF set up a new research programme, “Infection and Immunity”, within the health 

research programme of the Helmholtz Association. In this way, the GBF has positioned itself as a centre for

infection research in Germany. This development will be continued and extended in the coming years.

At the GBF, the genetic, immunological and environmental factors responsible for the formation and course 

of infections are investigated. The results of these research activities will provide the basis for the development

of new strategies for the prevention, diagnosis and therapy of infectious disease.

• Understanding the basic mechanisms of infection and immunity

• Development of new strategies for diagnosis, prevention and therapy of infections

Main objectives of the GBF research programme

Deaths worldwide per year

Importance of Infection Research   One of the major
challenges for health care provision in the 21st century
will be to provide more efficient means of fighting in-
fectious diseases. For this, a better scientific understan-
ding of infection and immunity is needed. In the 1960s,
bacterial infectious diseases were considered to be de-
feated. Antibiotics represented a universal and efficient

medication to control such infections. But this view 
has dramatically changed in the meantime. Nowadays, 
infectious diseases represent a serious health problem, 
and they are on the rise. Currently, more than seventeen 
million people die from infectious diseases each year, 
a third of all deaths worldwide.

Cardio-Vascular Diseases   15 Mio

Others   13 Mio Cancer   7 Mio

Infectious diseases   17 Mio

AUTHOR |   Priv.-Doz. Dr. Klaus Schughart   |   Head of Research and Development and of the Division 

of Scientific and Technical Services
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Clinical relevance of infectious diseasesOne of the main causes for the re-emergence of bacterial
infections is the development of resistance against anti-
biotics in microbes. Penicillin, discovered in 1928, was
used successfully for many decades. But today, it has
almost completely lost its antibacterial effects, because
bacterial pathogens developed resistance. In Eastern 
Europe, multi-resistant strains of the tuberculosis patho-
gen, Mycobacterium tuberculosis, are spreading. Recently, 
a new variant of the bacterium Staphylococcus aureus, resi-
stant against all known antibiotics, was isolated in hospi-
tals in the United States. S. aureaus is responsible for life-
threatening wound infections after surgery and belongs 
to the most important hospital pathogens. Therefore, the
continuous development of new antibiotics and new clas-
ses of antibacterial drugs will be essential for a successful
fight against microbes in the future.

In industrialized countries, average life expectancy has
increased. But with age, the efficiency of the immune
system decreases and, as a result, the susceptibility to 
and the risk of serious infections rise. Therefore, in the
coming years, not only developing countries, but also
industrialized countries must expect an increase in 
morbidity and mortality caused by infectious diseases.

A multitude of current therapies for severe diseases 
weaken the efficacy of the immune system. This is, for 
example, the case in cancer patients who have been 
treated by chemotherapy. Also, after transplantation of
organs, the immune reaction must be suppressed with
drugs to avoid graft rejection. Under these circumstances,
bacterial and viral pathogens have the opportunity to
proliferate in a way that is very difficult to control.

Today’s increased worldwide mobility results in the
spread of pathogens from previously contained reservoirs
into regions where these diseases were hitherto unknown.
The global dissemination of AIDS, SARS and tuberculosis
are some examples. 

But pathogens are not only responsible for acute infec-
tious diseases. More and more, correlations between
infections and tumour development are being found. 
For example, infection with the human papillomavirus,
HPV, has been recognised as the causative agent for the
formation of cervix carcinoma. Infections with the bac-
terium Helicobacter pylori are considered to be the major
cause for the development of gastric cancer. Furthermore,
associations between infections and immunological
diseases are becoming more and more apparent: e. g.
asthma, rheumatoid arthritis, certain forms of diabetes,

multiple sclerosis and allergies. For Streptococci there is
clear evidence that an infection with this pathogen can
result in the development of an auto-immune reaction
resulting in fatal heart disease.

It is now generally recognised that infectious diseases
represent a serious global health problem which can only
be met by joint global efforts. Therefore, the WHO, as
well as the 6th framework programme of the EU, empha-
size the need for significant funding for research and con-
trol of infectious diseases. Within the framework of the
German National Genome Research Network “NGFN”
(Nationales Genomforschungsnetz), the network “Infec-
tion and Inflammation“ is concentrating on the genetic
analysis of infectious diseases. One of the largest private
foundations, the Bill & Melinda Gates Foundation, places
a special emphasis on the research and development of
new vaccines. 
Infectious diseases are also an important economical fac-
tor. Only recently, the biotech industry started to invest
more in the production of anti-infectives and vaccines.
The foundation of a Vaccine Management Project Com-
pany (Vakzine-Management-Projekt GmbH), initiated by
the GBF and supported by the German government, is an
important step in accelerating the clinical development of
vaccine candidates in Germany.

• Increasing resistance of pathogens against antibiotics

• Weakening of immune response with age

• Increased global mobility 

• Compromised immune system after cancer therapies 

and organ transplants 

• Correlation between infections and diseases of the 

immune system or cancer

Epidemic diseases caused thousands of deaths 

in the past

Source: http://mla-hhss.org/gifs/disease.jpg
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Infection Research in the Helmholtz Association
The development and course of an infectious disease
represents a complex biological process that is influenced
by multiple genetic factors in both the pathogen and the
host. In addition, environmental conditions, such as
nutrition, medication or life style, play an important role.
Therefore, it is necessary to establish multi-disciplinary
research projects and to build networks which integrate
basic research with pre-clinical and clinical research.
Genome research, structural biology, proteome analysis,
animal studies and biotechnological production have to
be brought together and a sophisticated infrastructure
established. Single research institutes can fulfil these
requirements only to a limited extend. The Helmholtz
Association of research centres, on the other hand, are
able to host and integrate many different scientific disci-
plines and to provide essential infrastructure in one 
research centre. By focussing a single Helmholtz centre,
like the GBF, on infection research, it is possible to 
provide the critical mass necessary to make substantial 
progress and to promote the networking of national and
international research activities in this field. 

Infection Research at the GBF   The understanding of
infectious diseases and the development of appropriate
therapies require a detailed understanding of the patho-
gen and its interactions with the host at the molecular
level. Therefore, basic molecular biology research repre-
sents the most essential component of the GBF’s research
programme. This includes analysis of the interactions bet-
ween pathogen and host genomes, as well as studies of
the environmental factors influencing the development
and course of infections. Currently, the GBF concentrates
on the analysis of bacterial infectious diseases, and special
attention will be given to the development of new anti-
biotics and vaccines. 

Beyond basic research, the GBF’s research activities will
contribute to the development of new strategies for the
diagnosis and therapy of infectious diseases. Vaccines still
represent the most important preventive measure against
infections, but in addition, new vaccines are also being
developed for therapeutic treatments. Therefore, emphasis
will be placed on the identification of vaccine candidates,
their pre-clinical validation and the development and
optimisation of vaccination strategies. 

The GBF participates in the German NGFN research net-
work programme. As one of the core units in the NGFN,
the GBF provides technologies and know-how for various
partners in the area of infection research. In this context,
an “Infection Challenge Platform” has been established at
the GBF. This platform performs infection experiments in

Infection and Immunity

mice and supplies various mouse strains for the participa-
ting network partners. Within “Eumorphia”, a multi-
national European research network, the GBF is develo-
ping Standard Operating Procedures (SOPs) for the
analysis of mouse mutants in infection assays. These
SOPs will serve to improve comparability of results 
obtained in different laboratories.

Because of its expertise in cellular biology, immunobiolo-
gy, chemistry, structural biology, genome research, envi-
ronmental research and the biotechnological production
of clinical test material, the GBF is ideally positioned to
perform research in the field of infectious diseases. 

At the GBF, unique interfaces exist between infection 
biology and other disciplines, such as chemistry, ecology
and medicine. We expect the gain of new knowledge from
basic research and its successful translation into medical
applications to be particularly promising at these inter-
faces between disciplines.

Infection Biology

Medicine

EcologyChemistry

A research programme at the interfaces of disciplines
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The work of the infection biology groups identifies 
protein-protein relationships that are essential for host-
pathogen interactions. Such interacting protein-protein
pairs represent targets for the development of new anti-
microbial agents and vaccines. Work in structural biology
at the GBF describes molecular interactions at the atomic
level. This knowledge serves as the starting point for the
design of small molecules or neutralizing antibodies,
which can inhibit essential host-pathogen interactions
and thereby fight or prevent infection. Chemistry groups
at the GBF provide combinatorial chemical libraries and
new natural products, which are screened for biologically
active compounds that can selectively inhibit protein-pro-
tein interactions during the infection process.
In most cases, the course of a bacterial infection is not
determined by a single pathogen, but involves bacterial
communities. Therefore, infections have to be considered
as ecological processes. In the past, the GBF has accumu-
lated a lot of expertise in the analysis of microbial com-
munities in the environment. This knowledge will now
be applied to study clinically relevant bacterial biofilms.
For example, patients that have been surgically treated for
liver cancer may require a stent, which allows draining of
the bile into the intestine. Over time, these stents become
colonized by bacterial communities, which form biofilms
and which eventually plug the lumen, so that replacement
surgery is necessary. One goal of our research efforts is to
understand the principle mechanisms underlying the for-
mation and maintenance of such biofilms. The knowledge
gained can be used subsequently to develop new inter-
vention strategies to avoid the initial formation of bacterial
biofilms. In the more distant future, the influence of
nutrients on microbial communities in the intestines and
its colonization by pathogens will also be investigated at
the GBF.

To speed the transfer of promising drug candidates from
the pre-clinical research stage to clinical studies, it is
necessary for scientists in basic research to work closely
with clinical research groups. The establishment of a Centre
for Therapy Research on the GBF campus, in cooperation
with the Technical University of Braunschweig, the 
Medical University of Hannover and the Municipal Hos-
pital of Braunschweig represents an important milestone
in this direction. Here, clinical research groups and basic
research groups will closely work together.

Technological platforms at the GBF

• Animal facility (SPF breeding, knockout technology, infection unit)

• Analytic instruments (nuclear magnetic resonance analysis, X-ray diffraction analysis, 

mass spectrometry, electron microscopy)

• Expression arrays

• Peptide synthesis and sequencing

The GBF provides a multitude of technological platforms that support internal research 

projects and also cooperation projects with external partners. More details can be found 

in other sections of this annual report.

Analysing DNA-chips: results generated by our technological

platform

Photo: Bierstedt



(GSF) in Munich. The research activities of these two 
centres will complement each other, with the GBF 
concentrating on bacterial infectious diseases and the 
GSF focusing on viral pathogens.

The programme “Infection and Immunity” includes 
the research topics “Microorganisms”, “Pathogenesis”,
“Immunobiology”, and “Prevention and Therapy”. In
addition, the GBF will establish a national and inter-
national research platform (Biotech Facilities) providing
biotechnological products for clinical and basic research.

Microorganisms   The goal of this research topic is to
identify and characterise virulence factors in microbial
pathogens, and to understand the mechanisms of the 
formation of antibiotic resistance. Furthermore, the 
structure of virulence factors and their interaction with
host proteins is being investigated at the atomic level.

Streptococcus bacteria are an example from the GBF 
research programme. It is estimated that 40 million 
children between 5 and 15 years are infected with these
bacteria every year. The bacteria cause diseases such as
scarlet fever and tonsillitis. Without proper treatment,
life-threatening damage may result. As a consequence of
infection with Streptococcus bacteria, about 15 million
children suffer from rheumatic heart disease, from which
approximately half a million die every year. Apart from
elucidating the infection mechanisms, the GBF research
aims at the development of a protective vaccine. 

Research Programme “Infection and Immunity”
The main emphasis of the research programme of the
GBF is on “Infection and Immunity”. In this research 
programme we try to understand the principle biological
mechanisms underlying the development of an infectious
disease. This involves basic research on model organisms,
as well as on clinically relevant pathogens. The causes 
of pathogenicity in an infectious agent and the defence
mechanisms of the host, in particular the generation of
immunity, will be investigated. These studies will lead 
to a better understanding of the molecular and cellular
processes underlying the development of an infectious
disease. They will allow us to better understand why only
certain microorganisms cause disease, while other, closely
related variants, do not. 

The results obtained will then form the basis for the 
development of new strategies to diagnose, treat and 
prevent infectious diseases. In addition, the knowledge
gained from studies of the immune system will be used
to design new strategies for the treatment of infections,
and also for other human diseases, such as autoimmune
disease and cancer. 

The GBF’s research activities will mainly be performed
within the framework of the Helmholtz research pro-
gramme “Infection and Immunity”. This research pro-
gramme has been established by the GBF in collaboration
with the Research Centre for Environment and Health

12 FOCUS |   The GBF: A Helmholtz Centre for Infection Research

Infection and Immunity

• Microorganisms

• Pathogenesis

• Immunobiology

• Prevention and Therapy

• Biotech Facilities

More details on individual research projects can be found in other

sections of this annual report.

Analysing and studying streptococci

Research with model organisms: the nematode C. elegans

Photo: Bierstedt

Photo: Bierstedt



Pathogenesis   A more detailed understanding of the
course of an infection process will form the basis for 
designing new therapeutic strategies. The multiple inter-
actions between pathogen and host are thus being in-
vestigated at the cellular level. Bacterial infections, which
enter the host via the mucosal surfaces of the digestive or
respiratory tract, are of particular interest.

Immunobiology In the research area “Immunobio-
logy”, the principle cellular and molecular mechanisms
of immune response are investigated. The goal is to
understand how an effective immune response can be
induced and maintained, e.g. to discover which decision
processes are critical in triggering either an immune 
response or the formation of tolerance. Of particular 
interest is the question of how certain pathogens manage
to bypass the immune system.

Prevention and Therapy Work in this research area 
is directed towards the development of new strategies for
treating and preventing human diseases. For this purpose,
natural products and chemical libraries are screened 
for new anti-infective molecules. Antigen delivery systems
and adjuvants for vaccines are developed, and new 
therapies, which are based the modulation of the immune
system, are investigated. Vaccine candidates are being
developed and tested in clinical studies in collaboration
with clinical research groups. 

Biotech Facilities   GBF Biotech Facilities serves as a
national and international technology platform. It provides
biotechnological production processes for industry and
public research institutes. In addition, biological products
for clinical studies are produced according to GMP (Good
Manufacturing Process) and pharmacological standards.
Furthermore, biological research material, which is not
available commercially, is prepared on a large scale for
basic research.

Klaus Schughart   born 1956, studied biology at the
University of Köln, 1986 PhD at the Institute of Genetics,
University of Köln, 1987–1989 Postdoctoral Fellow 
in the Laboratory of F. H. Ruddle, Yale University, New
Haven, USA, 1990–1994 Junior research group leader at
the MPI of Immunobiology, Freiburg, 1994 Habilitation
in Genetics, University of Freiburg, 1995–1996 Research
group leader at the GSF, Munich, 1995 “Venia Legendi” 
for genetics at the University of Freiburg, 1997–2001
Head of the Department of Molecular and Cellular 
Biology, Transgene S.A., Strasbourg, France, since 2002
Head of Research and Development and the Division 
of Scientific and Technical Services, GBF
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Highlights 2002

Germ Research in Lungs and Intestines   Two new
SFB (special research areas) designed to study the inter-
action between microbial pathogens and human mucous
membranes will be funded by the German Research
Foundation (DFG). SFB 1922 – “The Pathobiology of
Intestinal Mucosa” – will examine abnormal processes 
on the intestinal mucous membrane as well as the effects
of probiotica – bacteria that support and improve the
health and immunity of the intestinal surfaces. SFB 
1921 – “Immune Reactions in the Lungs Caused by 
Infections and Allergies”– will study how bacteria, viruses
and fungi attach to bronchial mucosa and how antibodies
are controlled in the respiratory tract. Besides the GBF,
the Hanover School of Medicine (MHH), the Hanover
School of Veterinary Medicine (TiHo), the University of
Hanover and the Fraunhofer Gesellschaft will participate
in these research projects.

The German Government's Vaccine Initiative   The
Federal Ministry of Education and Research (BMBF) has
announced plans to accelerate the development of new
vaccines in Germany – and has placed this “Vaccine
Initiative” in the hands of the GBF. Research Minister,
Edelgard Bulmahn, personally unveiled the plans for 
the project in Hanover in December 2002. The BMBF has
earmarked 25 million Euro for the next five years 
to accelerate the development of promising vaccines 
and to promote Germany as a leader in vaccine research
and development. The principle partners in pursuit of
this goal are the non-profit German Vaccine Research
Foundation and the for-profit “Vakzine Projekt Manage-
ment GmbH”, which is operated under the auspices of
the foundation and the development fund of the GBF.

Research Know-How for Clinics and Hospitals   
The development of new concepts for the diagnosis and
therapy of diseases: this is the goal of the Centre for
Therapy Research, which the GBF jointly founded with
the Municipal Hospital of Braunschweig and the Tech-
nical University at Braunschweig. Additional expertise 
is provided by another partner in this endeavor: the 
Hanover School of Medicine (MHH). Accelerating the
transfer of empirical findings generated by basic research
to the clinical development is one of the key goals of the
Centre for Therapy Research. The focus of research will 
be studies to promote a better understanding of infections
in immune-suppressed patients and the development of 
therapies to treat infections.

Recently founded: The Centre for Therapy Research in

Braunschweig. Prof. Dr. Bernhard Wörmann, medical 

director of the Medical Clinic at the Municipal Hospital 

of Braunschweig (le), Prof. Dr. Dieter Jahn, Director 

of the Institute of Microbiology, Technical University of

Braunschweig (ce), and Prof. Dr. Rudi Balling, GBF.

“Vakzine Projekt Management GmbH”

AUTHOR   |   Dipl.-Journ. Dipl.-Biol. Thomas Gazlig   |   Head of Public Relations

Photo: Ammerpohl
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Mouse Genetics for Health Research   In the past
year, the GBF became a partner in the new European rese-
arch programme “EUMORPHIA”. The European Union is
providing 12.3 million Euro for the programme over the
next three years, of which 730,000 Euro has been ear-
marked for Braunschweig. Research laboratories from eight
countries are participating in the programme. The project
will catalog genetically altered mice that are relevant for
health research. The GBF will focus on questions con-
cerning the biological aspects of infections. Mice will 
be bred and studied that are especially susceptible to 
bacterial infection or that demonstrate auto-immune or
allergic reactions. The GBF will be working closely with
the National Research Centre for Environment and
Health (GSF) in Munich, the second German institute
involved in the EUMORPHIA programme.

Worldwide Searching for Pharmaceuticals in the
Seas   Extracting biologically active compounds 
from marine organisms was the key aim of the research
project “Marine Biotechnology” in Lower Saxony. 
Nineteen work groups from different universities and
research institutes participated in this joint project, 
funded by the Volkswagen Foundation. The project ran
over a five year period and ended in 2002. A team headed
by Dr. Irene Wagner-Döbler from the GBF, isolated many
new bacteria which were catalogued using molecular bio-
logical methods. The GBF researchers gave special atten-
tion to proteobacteria, toxin builders in the Roseobacter-
group, which are notorious for causing algal blooms. 
A series of promising ingredient agents was found by 
Dr. Wagner-Döbler and her team in these marine bacteria.
Some with interesting pharmaceutical qualities, will now
be tested more thoroughly.

Navigatin through the Sequencing Jungle   The gene
search engine “NGFN-BLAST” now provides scientists
with an easier way to find the relevant information in
previously identified genetic sequences. It is the first
publicly accessible service of its kind in Germany and
allows sequence comparisons between the genes 
of different mammals, e.g. between humans, mice and
rats. The BLAST (Basic Local Alignment Search Tool) 
server is part of the GBF's research project in the National
Genome Research Network (NGFN). Members of NGFN
receive preferred access to data and can build user-specific
sub-groups in the data bank, thereby considerably 
accelerating searches and supplying users with only the
relevant data they need. 

Physicians Seminar: Genetics in Emergency Medical
Care   The GBF and MHH organized a crash course in
molecular medicine and genome research for young 
doctors. The seminar was designed as supplemental
medical training. Currently, only very few doctors have
any practical knowledge of genome research methods.
This course focused on possible and practical applica-
tions for daily hospital routines. The participants learned
how to use gene chips or PCR for a rapid diagnosis in 
the emergency room. For example, one exercise was 
how to detect the presence of life-threatening diarrhea 
in children who had been in  contact with pathogenic 
E. coli bacteria. 

Serving mankind: The mouse is an important model 

organism for researchers at the GBF to study infectious

diseases. Only in living organisms complex diseases 

can be investigated successfully.

Photo: Bierstedt
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Training Programme: “From Genes to Vaccines”
The goal of the International Training Programme (ITP) 
at the GBF was to provide scientists from developing 
nations with the expertise to advance infection and 
vaccine research in their home countries. The 12 post-
doctorate participants, who were trained in Braunschweig
from August 5th through September 13th, 2002, are now
working in their own countries to promote infection and
vaccine research and communicate the special knowledge
gained here in Germany. The ITP was able to provide 
them with the tools needed to set up similar training pro-
grammes at home.

Biotech Course for Southeast Asian Scientists   In
2002 the GBF organized its fourth training programme
for young scientists from Southeast Asia, together with 
the  Carl-Duisberg Society (CDG; now called InWEnt),
BioRegioN and the Central Placement Office (ZAV).
Twenty researchers from universities and enterprises 
from four ASEAN countries, Thailand, Indonesia, the 
Philippines and Vietnam, participated in the “Industrial
Biotechnology” programme. At the GBF, the young scien-
tists attended a special introductory course in modern
biotechnology from May 27th through June 28th. The
course was preceded by a two-and-a-half months crash
course in German language and culture. Afterwards, the
young scientists spent several months at companies and
research labs in the region to expand on the expertise 
gained from the biotech course.

Conference on Infections for Biomedical Researchers
Infections as a cause for chronic illness and disease was
the focus of a GBF symposium in October 22–23 2002.
The international conference was sponsored by the Clini-
cal Biomedical Research Alliance (KBF) which welcomed
numerous leading scientists and researchers involved in
fundamental pre-clinical and clinical research in this field.
Among other subjects, the symposium discussed the 
contribution of infections to cancer, chronic liver diseases
and chronic inflammation, as well as cardiopulmonary
and neurological diseases.

The World Congress of Streptococci Researchers
For the first time, the GBF, together with the All India
Institute of Medical Science, hosted the International 
Lancefield Symposium. Every three years streptococci 
researchers from around the world come together for 
this conference to discuss their research results. The 
symposium was held in Goa, India, in October 2002. 
For the first time ever the conference took place in the 
developing world. This time about 300 participants 
focused their attention on the theme: “The Fight against
Rheumatic Fever and Rheumatic Heart Disease.” Despite
the availability of antibiotic treatments for streptococci,
these bacteria remain a serious health problem and exert
an enormous social and economic burden in many 
developing countries. Particularly dangerous are secondary
infection, such as rheumatic heart disease. Alone in India,
about six million children suffer from this disease.

International experiments in the laboratory: 

The participants of the ITP-Course work about the 

development of vaccines

Beneath palms: The announcement of the Lancefield 

Symposium in Goa, India

Photo: Ammerpohl

Photo: Gazlig
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The trade fair, organized by Omnilab, attraced many visitors

A Nationwide Genome Telephone   Under the 
motto “The Genome and Behind”, project leaders of 
the German Human Genome Project (DHGP) discussed
current developments in genome research in the GBF
Forum. A highlight of the event was the so-called 
genome telephone. For two days, leading German 
genome researchers were available at a toll-free number
to answer questions posed by the general public. The
genome telephone was organized by the DHGP, the GBF,
the Human Research Development Association and the
Braunschweig branch of Deutsche Telekom. 

Out of the Drawer and onto the Market   Frequently,
patented inventions are not always efficiently marketed
and end up costing more than they earn. To improve the
return from patents, Ascenion GmbH has been marketing
the GBF's patent portfolio since May, 2002. Four 
Helmholtz centres (GBF, MDC, GSF and DKFZ) have 
joined forces to found a Life Science Foundation. The
Ascenion GmbH is solely owned and operated by the
foundation that runs its headquarter in Munich. Branch
offices are located in Braunschweig and Berlin. Revenues
are returned from the foundation back to the participa-
ting Helmholtz centres.

The Centre for Biotech Start-Ups   The idea for the
Centre for Biotech Start-ups was initiated by the City of
Braunschweig and built in just one year. The investment
costs were shouldered by the city and the state of Lower
Saxony. The laboratory and office building, located close
to the GBF campus, has a total area of 4,000 square
meters (43,000 sq. ft.), of which 1,400 sq. meters is labo-
ratory space and 2,600 sq. meters is reserved for start-up 
company offices.

GBF Coordinates Crystallography Meeting   The
annual “Heart of Europe BioCrystallography Meeting”
this time around was organised by the GBF. Dr. Dirk
Heinz, head of the Department of Structural Biology, was
in charge. The meeting in Goslar attracted researchers
from Germany, Poland and the Czech Republic. The 
BioCrystallography Meeting provides doctoral students
and young researchers a platform for presenting their
work. Among other things, the team around Dirk Heinz
and his team presented their results on the structural 
analysis of internalin, a protein used by Listeria bacteria
to recognize the surfaces of human intestinal mucous
membrane cells.

A Trade Fair for Lab Equipment   For the first time
visitors could inform themselves at a trade fair at the
GBF-Forum. The laboratory equipment company, 
Omnilab, which leased space in the GBF-Forum, 
organized a specialist exhibition for biotechnology 
devices and products. At some 60 stands, domestic and
foreign suppliers exhibited everything from microfilters,
to chromatographs and laboratory furniture. The Lab 
Fair attracted about 500 visitors, from institute directors
to laboratory technicians.

Photo: Omnilab

At the GBF-genome telephone: Prof. Dr. Jens Reich. 

Photo: Gazlig

Front view of the BioTec Business Incubator Facility

Photo: Stadt Braunschweig



18 FOCUS |   Highlights 2002

Grants for Biotech Companies   The BioProfile 
Functional Genome Analysis, an initiative of biotech
companies and research institutes of Lower Saxony, has
launched its funding programme. The initiative's goal is
to promote the practical application of human genome
research in infection biology, stem cell biology and 
neurobiology. Funds from the Federal Ministry of Edu-
cation and Research (BMBF) have been made available.
The initiative's jury includes experts from across Germany
as well as the director of the GBF, Prof. Dr. Rudi Balling.
The first two projects recommended to the BMBF for 
funding by the jury and the initiative's board are an early
diagnosis system for diabetes (Mosaiques diagnostics,
Hanover) and a knockout method for mice genes 
(DeveloGen, Göttingen). Both biotech firms will receive
grant money totaling about one million Euro.

Biotech Days at the GBF FORUM   The fourth Biotech-
nology Days, sponsored by the BMBF, took place at the
GBF on May 13 –14, 2002. More than 400 visitors – 
mostly decision-makers from business and industry,
finance, politics, government agencies and the scientific
community – were gathering at the GBF FORUM. The
business consultant firm, Ernst & Young, also presented
its German Biotech Report 2002.

Prize-Winning Scientists   Several GBF researchers
received awards and citations for their work in 2002. 
Dr. Hansjörg Hauser received the Boltzmann Award for
Cytokine Research. Dr. Rolf Müller was the winner of the
Dechema Young Scientist Prize for Natural Science. The
Poster Prize of the second international symposium
“Antioxidants in Nutrition & Therapy” from the Society
for Free Radical Research held in Indonesia, went to
Heike Budde.

Inhoffen Medal for Peptide Design   Professor Dr.
Horst Kessler, TU Munich, received the Inhoffen Medal
for his work on peptide design using NMR spectroscopy.
The award, donated by the Technical University of 
Braunschweig and the GBF, honoured in particular the
multidisciplinary approach of his work. The research
fields of Prof. Kessler are molecular design, the synthesis
and structure of peptides and peptide-like substances. 

Awards to Young Scientists   The Development Fund
of the GBF honoured excellent PhD-thesis works: Nicole
Glaser studied naturally occurring variations of the anti-
cancer molecule epothilone that are produced by different
bacteria species. Edelweiß Markworth and Andreas Timan
investigated the structure and effect of ATP-sensitive ion
channels in the cell wall. These channels coordinate the
intra-cellular signalling of external stimuli and are in-
volved in muscle contractions or secretion of macro-
molecules. Diseases like Diabetes type II are associated
with defects in ion channels.

The Fritz-Wagner Prize 2002 was awarded to Dr.-Ing.
Christina Mundhenke from the Institute of Mechanical
Engineering of the TU Braunschweig. She investigated in
which way the cutting of organic materials, like apples or
avocados, into smaller pieces influences their degradation
in sewage plants.

Mercury Remediation: New Process Ready for the
Market  Three GBF scientists won the Erwin Schroedinger
Prize for interdisciplinary research at the end of 2001: 
Dr. Irene Wagner-Döbler, Prof. Dr. Wolf-Dieter Deckwer
and Prof. Dr. Kenneth Timmis. The scientists developed
their idea to purify mercury-contaminated industrial
waste water with bacteria into a marketable product. 
To refine their procedure they worked together with 
ecologists, bio-technicians and microbiologists. The
Donor's Association for German Science honors such
interdisciplinary research efforts every year with the
50,000 Euro Erwin Schroedinger Prize.

Fourth BMBF-Biotech Days at the GBF: Prof. Dr. Rudi 

Balling, Edelgard Bulmahn, Federal Minister for Education

and Research, and Sigmar Gabriel (right), former Prime

Minister of the State of Lower Saxony, during the Opening

Ceremony. 

Photo: Gramann
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GBF Staff Helps Flood Victims   GBF staff members 
rolled up their sleeves to help flood victims in Eastern
Germany. Some fifty GBF employees went to Magdeburg
and helped to fill sandbags and to reinforce dikes. A 
cheque of 10,000 Euro was presented to the Braunschweig
Deaconess Relief Agency to support social aid and relief
efforts in Raguhn in neighboring Saxony-Anhalt. GBF
expertise was also in demand because the flood waters
had left behind a good deal of sludge and bacteria.
Microbiologists brought their mobile environment lab 
to the flooded area around Hitzacker. Dr. Wolf-Rainer
Abraham and Dr. Dirk Wenderoth examined sludge 
and water samples for disease-causing bacteria, such as
Salmonella and pathogenic E. coli strains.

Biotech Laboratory for Schools   In an effort to 
generate more interest among young students in science
and research, the GBF, together with Braunschweig 
Technical University and the Braunschweig district 
government, has set up a school laboratory for biotech-
nology, known as BioS. The project is also supported by
the Lower Saxony state government and the Helmholtz 
Association. The LB Public Foundation is a co-sponsor.
The biotechnology school laboratory has been open to
senior high school students since spring, 2002. The BioS
lab offers students an opportunity to gain basic biotech-
nology skills by conducting experiments that cannot be
done in ordinary school facilities. BioS is run by two high
school teachers who oversee experimental courses for
groups of up to 24 pupils.

Thomas Gazlig   born in 1966, degree in Biology focused
on biochemistry, biotechnology and genetics (1987-1993,
Technical University of Braunschweig) and post graduate
degree in Journalism (1993-1996, Institute for Journalism
and Communications Research at the University for Music
and Theatre Hanover). Work experience: PR consultant 
in the Public Relations Department of the Ministry of
Lower Saxony for Science and Art (1994-1995), and the
insurance company Öffentliche Versicherung at Braun-
schweig (1995-1998). Since September 1998 press 
spokesman and head of the Public Relations Department
of the GBF. 

Microbial remediation: The electron-microscopic photograph

shows the rod-shaped bacteria Pseudomonas putida attached

on Siran, a ceramic support material

Dedication: Many helpers carry sandbags as a protection

against flooding near Magdeburg

BioS-Laboratory; Alumni are applying DNA fragments onto

an agarose gel.

Photo: Ammerpohl
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Figs: Analysis of the structures of the complex between Internalin A from Listeria monocytogenes and human E-Cadherin (le); Dr. Wolf-Dieter Schubert

mounting a protein crystal on an X-ray station (ce); Working under a clean bench is a precondition for many steps to get reliable results (ri). 
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A Detailed Picture of the Interaction 

between Man and Bacteria

Severe bacterial infectious diseases such as tuberculosis, whooping cough and dysentery are coming back into

the focus of health research, even in the industrialized nations, due to the emergence of bacterial resistance 

to antibiotics, global tourism and poor vaccination schemes. At the same time, the enormous progress in the

genome and proteome analyses of pathogenic bacteria and man opens up new possibilities for a more directed

approach to research on infectious diseases.

Of special interest is the understanding of the complex interactions between bacteria and man at the molecular

level that allow focussed and early intervention in the infection process. A potential weak point is the ability of

many pathogenic bacteria to penetrate into the host cell where they continue the infection process from a niche

which is well protected from the host's immune defence system. We aim to elucidate the high resolution 

structures of bacterial and human proteins involved in the respective infection processes. The structures of these

macromolecules will form a rational basis for the development of new drugs and vaccines to fight or prevent

bacterial infections.

The human pathogen Listeria monocytogenes
Listeria monocytogenes is a human pathogenic bacterium,
which enters the host through food contamination. 
Infection mainly occurs in people with a compromised
immune system and in pregnant women, where it can
lead to a serious disease called listeriosis. In its acute form,
life-threatening meningitis and meningoencephalitis can
develop. The Gram-positive bacterium is able to breach
three essential barriers in the human body: the intestinal
wall, the placenta and the blood-brain barrier. Over the
past few years L. monocytogenes has become an accepted
model system for the study of facultative intracellular
bacteria in infection biology.

Electron micrograph of Listeria adhering to human 

intestinal cells. 

AUTHOR  |   Prof. Dr. Dirk Heinz   |   Department of Structural Biology
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During infection, the bacterium enters into the host cell,
thus becoming “invisible” for antibodies of the humoral
immune defence system. Within the host cell it can spread
and multiply and subsequently infect neighbouring cells.
For this purpose, the bacterium utilizes a limited set of
proteins, so-called virulence factors, that cause a “repro-
gramming” of different host cell processes to the advan-
tage of the bacterium. The protein family of internalins,
for example, is responsible for host-cell specific adhesion
and uptake of the bacteria by abusing several different
host-cell signal transduction processes. Other important
virulence factors include listeriolysin and two phospholi-
pases, that free bacteria from membrane compartments
following invasion, and ActA, which reorganizes the actin
cytoskeleton to ensure mobility of the bacteria within the
host cell.

Internalins as keys to enter the host cell  
Listeria harbour at their surface numerous proteins, in-
cluding the protein family of internalins. By specifically
contacting receptor molecules at the surface of host cells,
internalins induce uptake of the entire bacterium by the
host. This process, which resembles phagocytosis, requires
major rearrangements of the host cell’s cytoskeleton and
is thus called “induced phagocytosis”. 

Internalin A (InlA), which is responsible for the uptake 
of Listeria by the intestinal epithelium, was discovered in
1991. Shortly afterwards, InlB was identified, which is
required for the invasion of other host cells, such as
hepatocytes and macrophages. Subsequently, additional
“internalin-related” proteins were identified, that are
mainly located at the bacterial surface – like the internalin
InlH, whose function has yet to be characterised – or
which are secreted by the bacteria. Their precise function,
however, is unknown, although most of these proteins
are present only in pathogenic Listeria strains, suggesting
a potential role in the infection process. Charactistic to all
proteins belonging to the internalin family is a modular
organization of homologous stretches of amino acids, so
called domains. 

InlA is the largest member of the internalins, containing
800 amino acids. At its N-terminus it contains a short 
signal sequence, that allows export of the protein to the
surface of the bacterium. The central part of the molecule
contains two repetitive sequence elements, that are 
separated by a “inter repeat” – IR – sequence. At the 
C-terminus is a short LPxTG sequence motif, that is needed
for covalently anchoring of the protein at the bacterial
surface, followed by a hydrophobic, transmembrane 
α-helix and a charged cytoplasmatic tail. In the mature
protein these two regions are absent.

Infection cycle of L. monocytogenes (blue). Shown is the

spreading of the bacteria in the host cells (beige). 

Representative schematic of the amino acid sequences of 

different internalins. The individual domains are shown 

in different colours. 
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The most characteristic feature of all internalins is the
first repetitive element, which in the case of InlA consists
of 15 repeating units each 22 amino acids in length. Due
to the periodic accumulation of leucines or leucine-like
amino acids, this repeat is called a “leucine rich repeat”
(LRR). The consensus sequence of the internalin LRR is
xxLxLxxNxLxxLxxLxxLxxL, where L and N stand for 
leucine (or related aliphatic amino acids) and asparagine,
respectively, and x for any amino acid. LRR-domains are
frequently found in eukaryotic proteins, where they are
ideally suited for specific interaction with other proteins. 
In all internalins, the LRR-domain is flanked by a cap and
the IR-sequence, which are both highly conserved. 

InlB, which consists of 630 amino acids, is also associa-
ted with the bacterial surface. In contrast to the peptido-
glycan anchor of InlA, the cell wall binding region com-
prises the C-terminal 232 amino acids. At its N-terminus,
InlB also contains a LRR-sequence that consists of seven
LRRs. 

Invasion studies with truncated InlA- and InlB-proteins
have shown that the region comprising the cap-, LRR-
and IR-domains is sufficient for host cell specific invasion
by the bacterium. Latex beads coated with these truncated
proteins were also taken up by the host cells. The charac-
teristic feature of LRR-domains to act as protein-protein
interaction modules therefore suggests that the LRR-
domains in internalins are utilized to interact with host
cell receptors. 

Human internalin receptors   In 1996, human 
E-cadherin, a surface protein of the intestinal epithelium
responsible for the tight connection of gut cells, was 
identified as the receptor of InlA. E-cadherin belongs to
the superfamily of cadherins, that recognize their peers
on neighboring cells via homophilic contacts, leading to
cell associations in different tissues.

InlB shows specific interactions with glycosaminoglycans
and binds to two different receptors: gC1-qR, a protein 
of the complement system, and Met, a transmembrane
receptor tyrosine kinase. The physiological agonist of Met
is hepatocyte growth factor (HGF), that is responsible 
for a multitude of important processes, such as cell 
growth, wound healing and tumour metastasis. Met-
activated signal transduction processes mainly lead to 
a reorganisation of the actin cytoskeleton. A number 
of effects that are caused by HGF, such as the scattering 
of cells, are also stimulated by InlB.

To increase our understanding of the function of the
internalins and Listerial invasion at the atomic level, 
we have elucidated the 3D-structures of these proteins. 
over the past four years. This work has been done in close
cooperation with the groups of Trinad Chakraborty at 
the University Gießen and Jürgen Wehland from the GBF.
Besides the structures of the receptor binding domains 
of InlA, InlB and InlH, whose function has not yet been
characterised, we were able to solve the 3D-structure of
the complex between the LRR-domain of InlA and the 
N-terminal domain of the human receptor E-cadherin. 
In the following, the LRR-domains are called InlA', InlB'
and InlH', in contrast to the complete protein.
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Structural analysis of proteins   Proteins play a 
pivotal role in nearly all processes relevant for life. Due 
to its characteristic and spatially defined 3D-structure,
each protein is optimized for its physiological function.
Elucidation of the 3D-structure, i.e. the precise location 
of thousands of atoms in the macromolecule, still 
represents a challenging task. The method of choice 
for proteins with a molecular mass larger than 30 kDa 
is X-ray structure analysis: This method requires the 
crystallization of proteins from pure and homogeneous
protein solutions. Unfortunately, successful protein
crystallization is often very difficult, making the process
often time-consuming and tedious. Once obtained, the
small protein crystals are exposed to monochromatic 
X-rays, giving rise to diffraction images with complex 
geometries, from which the atomic coordinates (i.e. the
electron density) of the protein can be calculated.

From the purified protein to its crystal structure

Crystal structures of internalins Over a number of
years, we have been able to produce well diffracting
crystals of InlA', InlB' and InlH' and subsequently solved
the high resolution structures of the recombinant pro-
teins. As expected from their amino acid sequences, the
internalins show a modular architecture. The structures 
of InlB' and InlH' consist of a central LRR-domain that 
is flanked by a smaller N-terminal cap-domain and a 
C-terminal immunoglobulin-like IR-domain.

Photo: GBF
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In the case of InlB', the LRR-domain consists of seven
LRRs, each composed of a β-strand and a tightly wound
310-helix connected via loops. In the slightly curved 
3D-structure of the domain, the solenoid-like arranged
LRRs are stacked, leading to a parallel β-sheet forming 
the inner concave side and stacked helices defining the
outer convex surface. The leucines and leucine-like amino
acids pointing towards the centre of the spiral, constitute
the hydrophobic core of the domain. Therefore, they

must fulfil a solely structural function by stabilizing the
domain. The neighbouring cap- and IR-domains shield
this hydrophobic core from the surroundings, thus provi-
ding additional stability to the LRR-domain. While 
InlH' with eight LRRs and InlB' with seven LRRs closely
resemble each other, InlA' with 15 LRRs shows a much
more pronounced curvature. Together with the 
C-terminal IR-domain, the structure of InlA' has a 
sickle-shaped appearance.

Crystals and inferred structures of InlA', InlB' and InlH'. The structures consisting of cap- (pink), LRR- (magenta) and IR-domain 

(blue) are depicted as ribbon diagrams showing the respective secondary structural elements (helices, loops and β-strands).

Photo: GBF
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Structure of an internalin/receptor complex
Recently, we were successful in determining the crystal
structure of the stoichiometric complex between InlA' and
the N-terminal domain of the human receptor E-cadherin
hEC1. This structure provided, for the first time, a high
resolution picture of the initial step of Listeria infection:
the adhesion of the bacteria to the human intestinal wall.

Structure of the complex between InlA' and hEC1 (green).

The ribbon diagrams are superposed on the surface 

representation of both molecules (grey). Calcium and 

chloride ions at the interface between both proteins are

shown as coloured spheres. 

Interaction between proline 16 of hEC1 (green) and 

InlA' (magenta). Superimposed is the in silico mutation of

this amino acid to glutamic acid (corresponding to murine

E-cadherin which would lead to steric and electronic 

clashes. 

In the structure of the complex, InlA' surrounds the 
smaller hEC1 domain almost completely. The C-termini
of both proteins point in opposite directions, an absolute
necessity for an as-close-as-possible contact between host
and bacterial cells. Numerous, predominantly hydropho-
bic amino acids contribute to the highly complementary
recognition between both proteins. An interesting feature
is the participation of nearly all LRRs of InlA' in the inter-
action with hEC1. Of special interest is a proline residue
located at position 16 in hEC1, which fits perfectly into a
hydrophobic pocket at the surface of InlA'.
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Following invasion, dissociation of the metal ion in 
the cytoplasma of the host cell presumably facilitates 
detachment from the host cell membrane, allowing the
unhindered spread of the bacteria in the host cell. A 
schematic model of the interactions between L. monocyto-
genes and human intestinal cells, based on the crystal
structure of the complex, is shown below. This figure 
illustrates how InlA grips E-cadherin like a hook 
mediating the adhesion of the bacteria to the intestinal
wall. Several of these simultaneously formed complexes
lead to adhesion of the bacterium sufficiently strong
enough to initiate host-cell processes that lead to its 
uptake.

In the murine E-cadherin, this residue is replaced by 
glutamic acid, which, due to its negative charge and 
size, is not able to properly interact with InlA. Therefore,
the structure of the complex provides an impressive
molecular explanation for the observation that mice 
are insensitive to orally administered Listeria. Another
interesting feature is the apparent weakness of the 
complex. Binding studies using the analytical ultra-
centrifuge – in cooperation with Claus Urbanke, MHH –
show a dissociation constant in the micromolar range.
For strong protein-protein interactions this value is 
usually orders of magnitude smaller. Despite this relative
weak interaction between both proteins, bacteria can
nevertheless adhere to the host cell. During adhesion,
several complexes that form gradually, similar to a zipper, 
presumably support each other in a cooperative fashion.
In addition, the interaction between both proteins is
modulated by a regulatory calcium ion located at the
interface.

The Ca2+-binding site at the interface between InlA'

(magenta) and hEC1 (green).

Model of the InlA-mediated adhesion of L. monocytogenes

(magenta) to the human intestinal epithelium (green).

Shown are the surface representations of the structures of

InlA' and the extracellular domains of E-cadherin. 
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Interaction of InlB and Met Using site-directed 
mutagenesis, we were recently able to show that the 
interaction between InlB and Met occurs, similar to InlA,
via the concave surface of the LRR-domain of InlB. This
region of the structure of InlB' has an array of aromatic
amino acids that extend along the entire LRR-domain. By
replacing these amino acids with polar amino acids, we
could show that they are in fact critical for the bacterial
invasion of host cells. Hence, a precise knowledge of the
structure of internalins allows us to “reduce” the invasion
of Listeria to a few amino acids that are critical for the
infection process.

Conclusions and perspectives   As exemplified by 
our study of the internalins, the techniques of modern
structural biology allow the precise detection of target
points for a specific intervention in infection processes
for the development of new strategies against bacterial
infection. Bacterial virulence factors, through their
mimicry of host cell processes, can also be used as 
tools to better understand these processes. Based on the
structure of the InlA'/hEC1-complex, we plan to design
InlA'-mutants which show a much higher affinity towards
E-cadherin. These mutants could be used to investigate
hitherto poorly understood E-cadherin signalling in the
host cell. To study Listerial infections in the mouse
model, the design of an InlA'-variant able to recognize
murine E-cadherin would be very helpful. As latex beads
coated with internalins are efficiently taken up by host
cells, it is plausible to use the internalins as “vehicles” to
transport drugs to specific target cells, such as cancer cells. 
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Impact of infectious diseases 

Infectious diseases have a tremendous impact on human health. Approximately one third of all deaths

occurring each year worldwide are caused by infectious agents. Microorganisms are also responsible 

for at least 15% of cancers, such as gastric cancer, hepatocarcinoma and cancer of the cervix, and are

also implicated in the pathogenesis of many chronic diseases, such as neurological disease, inflammatory

disease or cardiovascular disease. In addition, infections are usually the final cause of death in indi-

viduals afflicted by a non-infectious primary disease, such as trauma or chronic obstructive pulmonary

disease. The importance of infectious disease is actually increasing because of the emergence of new

pathogens, such as HIV, Helicobacter pylori, Hanta virus or HCV, and because of the re-emergence of

diseases that were considered to be under control (e.g. diphtheria and tuberculosis). Tropical diseases

are also spreading to new areas, as a result of global warming and increased mobility. Finally, aging

individuals and immune-suppressed patients are particularly susceptible to opportunistic pathogens. 

Vaccines for prevention and therapy   Prevention 
and therapy are the two complementary approaches for
tackling the problem of infectious disease. However, the
clinical management of infected patients is rendered
more difficult by the worldwide emergence of multi-drug
resistant strains. Furthermore, a disproportionate reliance
on treatment implies the tacit acceptance of the human
suffering and potential consequences associated with
disease. Furthermore, the high direct costs of patient care,
as well as escalating indirect costs, are not prevented by
treatment. Thus, it is essential to strengthen our efforts to
develop efficient prophylactic interventions. The main
strategies used to prevent infectious disease focus on the
protection of susceptible individuals and prevention of
pathogen spreading. This can be achieved by hygiene
measures, such as improvement of water quality, reservoir
and vector reduction and quarantine of infected indi-
viduals, or by vaccination, which is the most cost-efficient
intervention. 

Although vaccines have generally been used to prevent
infectious diseases, the possibility of using them also 
therapeutically is gaining interest. Boosting of the 
immune system of infected individuals by active immu-
nization – alone or in combination with conventional
therapy – may lead to improved cure rates or to a 
shortened period of treatment. Vaccines can also be used
for the immunotherapy and immunoprophylaxis of 
cancer and for a wide range of non-infectious chronic
diseases, as well as for birth control in humans and 
animals. However, there are still many diseases for which
vaccines are not yet available, or for which the available
vaccines are not completely satisfactory in terms of 
efficacy, stability or cost. Thus, there is an urgent need 
for both new and improved vaccines.
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Mucosal vaccines   Most infectious agents are either
restricted to the mucosa or need to transit it during the
early steps of the infection. Therefore, the elicitation of 
an efficient immune response at the location where the
first line of defense is laid is highly desirable.

The stimulation of a pathogen-specific response at the
entry site is expected to impair infection, i.e. colonization,
thereby reducing the risk of transmission to susceptible
hosts. Parenterally administered vaccines mainly stimulate
systemic responses, whereas vaccines administered by the
mucosal route mimic the immune response elicited by
natural infections, thereby leading to efficient mucosal
and systemic responses. Furthermore, the existence of a
common mucosal immune system allows stimulation 
of an immune response at mucosal effector sites remote
from the vaccination site. However, there is a certain level
of compartmentalisation, which leads to variations in 
response at different effector sites. Use of the mucosal
route is also in itself associated with a considerable 
number of advantages. 

Mucosal activation of B cells. Antigens are taken-up by APC, processed and presented on MHC II

molecules to T cells. Activated T cells provide help to antigen-specific B cells and modulate the elicited

responses. Secretion of IL-4 and IL-5 leads to IgG 1 production, whereas TGF-ß stimulates isotype

switch towards IgA and IgG 2b. Secretory IgA plays an important role in the mucosal immune system,

by neutralizing pathogens directly at the port of entry.

Advantages associated with mucosal vaccination

• High acceptance

• Increased compliance

• Reduced side effects 

• Stimulation of systemic and mucosal immune 

responses 

• Reduction of microbial colonization

• Impairment of microbial transmission to 

susceptible hosts

• Simple administration logistics

• Low delivery costs
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– for example, the synthesis of cell wall components,
DNA or essential metabolites. The introduction of several
independent attenuating deletions makes the risk of
reversion to virulence as a result of recombination 
events negligible. Furthermore, mutations that are even
safe in immune compromised hosts have been identified.
The use of bacterial carriers is associated with all the
general advantages of mucosal vaccination. In addition,
their production is simple and cost-efficient, there are
fewer restrictions in terms of storage and cold-chain
maintenance, and the delivery costs are low. All the 
properties associated with the use of live vectors make
this vaccination approach particularly suitable for mass
immunization campaigns, especially in developing 
countries.

Recent studies have shown that bacterial vectors can 
also be used as a delivery system for so-called “DNA 
vaccines”. Instead of using purified antigens, individuals
are vaccinated with eukaryotic expression vectors coding
for the selected antigens. In this case, the biosynthetic
machinery of the vaccinee’s own cells is responsible for
antigen production. However, traditional naked DNA 
vaccination is extremely inefficient, because multiple
administrations and high dosages are needed. 

Properties of live vaccines

• Replicate in the host

• Limited number of doses are needed

• No adjuvants are needed

• Delivered by natural infection route

• Stimulate systemic and mucosal immune responses

• Variable safety in immune compromised individuals

• Easy production, transport and storage

Unfortunately, antigens administered by this route are
usually poorly immunogenic. This is in part due to rapid
antigen clearance, degradation by local enzymes, poor
penetration, and the presence of a local tolerogenic
milieu. Thus, different strategies have been exploited to
increase the immunogenicity of antigens delivered by 
the mucosal route, such as their expression by live
attenuated bacterial or viral carriers; their incorporation
in physical or biological particles, liposomes, immune 
stimulatory complexes (ISCOM) or virosomes; their
expression in transgenic plants and their co-adminis-
tration with mucosal adjuvants. 

However, antigen delivery is not sufficient per se to 
engender a protective response. It is also essential to 
stimulate the appropriate quality of immune response,
e.g. antibodies or cell-mediated immunity. Thus, a 
successful vaccination strategy demands the right choice
of adequate antigens, as well as their appropriate delivery
and formulation. In this context, recent studies have
demonstrated the possibility of eliciting desired immune
responses at systemic and mucosal levels by combining
different strategies or technology platforms for antigen
delivery in prime-boost vaccination protocols. 

Live carriers as a delivery system for protein- 
and DNA-based vaccines Both attenuated and com-
mensal microorganisms have been exploited as carriers
for vaccine antigens. The use of commensals is appealing
because of their excellent safety profile and the possibility
of obtaining long-term local expression of the selected
antigen. On the other hand, attenuated pathogens are
also attractive, since protection against the pathogen itself
and immune responses specific for the heterologous anti-
gens can be achieved simultaneously. Bacteria have been
attenuated by the introduction of deletions in genes that
are essential for either their virulence or their metabolism
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Physical and biological particles   Antigen can be 
entrapped into physical particles, such as microspheres,
virus-like particles or bacterial ghosts. When antigens are
incorporated, either adsorbed or chemically bound to
physical particles, more efficient immune responses can
be stimulated, as a result of antigen protection against
degradation, facilitated uptake by APC, and improved
processing and presentation. Recombinant viral-like 
particles also constitute a new approach for vaccine de-
velopment. 

Recombinant DNA techniques make possible the in-
sertion of foreign epitopes into proteins with inherent
multimerization capacity – as viral capsid or envelope
proteins – which, due to their highly symmetric structure
and immunological properties, facilitate the stimulation
of humoral and cellular responses against the inserted
epitope. 

The so called “bacterial ghosts” are a special type of 
particle. They are obtained by controlled expression of
the PhiX174 gene E in Gram-negative bacteria. This 
protein forms a transmembrane tunnel through the 
bacterial envelope. Thus, bacterial ghosts have intact 
envelope structures, but are devoid of cytoplasm, which 
is expelled through the tunnel. They are specifically 
targeted to APC, in which they promote maturation
through the provision of a potent danger signal by their
structural components. Ghosts can not only be used as
vaccines against diseases caused by the inactivated micro-
organisms, but also as a delivery system, since they can 
be loaded with antigens or, alternatively, recombinant
antigens can be expressed before lysis.

Attenuated Salmonella are attractive carriers for protein- or DNA-

based vaccines. After oral vaccination with Salmonella carrying a

plasmid coding for murine IFNg, IFNg-KO mice were protected

against bacterial infections. Salmonella-mediated DNA vaccination

was also able to confer protection against a lethal challenge with

Listeria monocytogenes, whereas immunization with a carrier

expressing a tumour-associated antigen prevented tumour take and

reduced the number of lung metastasis after challenge with an

aggressive murine fibrosarcoma.

The use of bacterial carriers as a delivery system 
eliminates the requirement for DNA purification and
allows specific targeting of antigen presenting cells (APC).
The carrier also acts as a natural adjuvant because of 
the presence of bacterial components, such as cell wall 
degradation products and unmethylated DNA, which
promote recruitment of innate immunity masters and
APC maturation through the activation of pattern re-
cognition receptors. Thus, a local environment conducive
to antigen presentation is specifically created.

It has been widely demonstrated that the use of bacteria
as either conventional protein or DNA vaccine carriers
can confer efficient protection against both infectious
diseases and tumours. It has also been shown that 
bacteria-mediated gene delivery might represent an 
attractive alternative therapy for diseases in which the
affected tissues are natural targets of the carrier micro-
organism, such as macrophages, dendritic cells or 
hepatocytes.
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Mucosal adjuvants   An alternative approach to the 
stimulation of efficient mucosal immune responses is
based on the use of mucosal adjuvants. Simply mixing
the antigen with mucosal adjuvant is the easiest and 
preferred method. Alternatively, the adjuvant can be 
covalently linked to the antigen. In this case, the adju-
vant also acts as a carrier and stabilizing moiety. Mucosal
adjuvants can also be combined with other mucosal 
delivery systems, such as live vectors, physical particles or
lipo-somes. An interesting approach is the development
of chimeric moieties in which adjuvant and targeting 
properties of different molecules are combined. This
combinatory approach dramatically expands the possi-
bilities for modulating the immune responses elicited
using different mucosal antigen delivery systems.

Bacterial toxins, such as cholera toxin, the heat-labile
toxin of Escherichia coli, and their derivatives were the 
first molecules exploited for this purpose. However, their
use in humans was limited by their toxicity. Therefore,
non-toxic derivatives have been developed, which retain
the adjuvanticity. Several components from Gram-
positive and Gram-negative bacteria have also been used
as adjuvants. 

Liposomes, ISCOMS and virosomes   Liposomes 
have been extensively used as antigen delivery systems.
They are lipid vesicles, formed when phospholipids are
exposed to an aqueous environment. During this process
any antigen present in the aqueous phase will be retained
within the vesicle. Liposomes do not only protect the
antigens present in the formulation, but also act as
immunoadjuvants. ISCOMs are formed from cholesterol,
lipid, immunogen and saponin, and constitute a related
approach for both parenteral and mucosal vaccines.
Finally, virosomes are unilamellar vesicles obtained 
by reconstitution of empty influenza virus envelopes,
which are devoid of viral nucleocapsid and genetic 
material. Virosomes contain functional viral envelope 
glycoproteins, which stimulate both MHC I- and MHC II-
restricted responses. The phagosomal pH shift results in
conformational changes of the hemagglutinin, which 
trigger membrane fusion and virosome release into the
cytoplasm. Antigens linked to the virosomal surface are
partially proteolysed within the APC endosome, leading
to MHC class II antigen presentation. On the other hand,
MHC class I-restricted presentation is achieved upon 
antigen escape to the cytosol, as a result of the fusion
activity of the carrier virosome. Virosomes also provide
antigen protection against degradation, depot effect and 
a regular-repetitive virus-like particle structure. 

Transgenic plants   Recombinant DNA technology 
has facilitated the introduction of a variety of genes 
into plants. The production of vaccine-relevant antigens
in food plants like banana trees and potatoes enables
direct mucosal delivery through consumption of the
recombinant plants. The possibility of expressing vaccine
antigens in seeds expands the potential uses of this
approach, mainly in animal husbandry, facilitating 
both storage and conservation. Interestingly, this strategy
can also be exploited for the development of immuno-
contraceptive vaccines for herbivore species.
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Among them, the non-toxic lipopolysaccharide–derivative,
monophosphoryl lipid A, which exhibits potent 
immunostimulatory properties, as well as the muramyl
dipeptide-derivatives MDP-Lys18 and N-acetylglucosa-
minyl-N-acetylmuramyl dipeptide, which have improved
bioavailability and decreased toxicity. 

We have recently demonstrated that a Mycoplasma 
fermentans-derived synthetic lipopeptide, macrophage-
activating lipopeptide MALP-2, significantly enhances 
cellular and humoral immune responses against antigens
co-administered by either the parenteral or mucosal
route. Functional studies also enabled us to establish 
that intranasal administration of MALP-2 promotes
recruitment and maturation of APC at the level of the
nasal associated lymphoid tissues.

Nasal vaccination with the HIV-1 Tat protein, co-admini-
stered with MALP-2, resulted in the elicitation of efficient
humoral and cellular immune responses at the systemic
level. In addition, efficient Tat-specific mucosal antibody
responses were stimulated both at the inductive site of
vaccination, as well as at distant mucosal sites, e.g. in the
genitourinary tract. This demonstrates efficient migration
and homing of the activated B cells. 

Unmethylated CpG motifs, which are generally absent in
mammalian DNA, also exhibit direct immunostimulatory
effects on immune cells. Many base combinations with
stimulatory activity have been exploited to improve the
immune responses stimulated after vaccination by either
the mucosal or parenteral route. On the other hand, it
was also demonstrated that some anti-viral drugs, such as
imidazoquinolines, enhance immune responses. A mole-
cule obtained by linking the L-alanine-D-isoglutamine
residue of muramyl dipeptide to amantadine – adaman-
tylamide dipeptide – is an effective mucosal immuno-
adjuvant, with an adequate safety profile for human use. 

We have recently shown that the fibronectin binding 
protein I (SfbI) from Streptococcus pyogenes is an efficient
mucosal adjuvant able to substantially improve cellular,
humoral and mucosal responses when coupled to or 
co-administered with an antigen. Although the use of this
molecule promotes a dominant Th2 response, efficient
cytotoxic T lymphocyte responses were also stimulated.
Functional studies showed that SfbI promotes activation
and maturation of APC, and that the fibronectin-binding
domains are responsible for adjuvanticity. This interesting
molecule is also a promising candidate vaccine antigen,
since immunized animals are protected against lethal
challenge with virulent S. pyogenes. Co-administration 
of a mucosal adjuvant is not required.

Thus, this protective vaccine antigen, with built-in 
adjuvant properties, is an attractive candidate for the
development of multi-component vaccines.

Efficient stimulation of nasal associated lymphoid tissues

(NALT) using MALP-2 as mucosal adjuvant. The NALT are

indicated by arrows in nasal cavities exposed after removing

the upper palate (A) and in haematoxylin-eosin stained 

sections at 2.5 x magnification(B). FACS analysis showed

macrophage recruitment 16 h after intranasal administra-

tion of MALP-2, with 12.42% of MAC-1+ cells (D) 

compared to 2.01 % in the controls (C). Macrophages also

exhibit an up-regulated expression of MHC-class I, co-

stimulatory (CD80) and adhesion (CD54) molecules (E).

The local recruitment and activation of APC resulted in

improved immune responses against co-administered vaccine

antigens. Significantly improved cellular and humoral (both

systemic and mucosal) immune responses against the HIV-1

Tat protein were observed after intranasal immunization

with MALP-2 (F).
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Outlook   Vaccine development and use have facilitated
efficient control of major human diseases. Despite their
intrinsic efficacy, the first generation of vaccines was
mainly designed on an empirical basis. However, the 
vast amount of knowledge gained in recent years in the
fields of microbial pathogenesis, immunology and 
vaccinology facilitates the development of a new genera-
tion of well-defined and improved vaccines. These novel
vaccines will exhibit an optimal safety profile and higher
efficacy. The availability of novel antigen delivery systems,
adjuvants and vaccination strategies will also enable fine-
tuning of the elicited responses according to specific 
clinical needs. The use of the mucosal route of adminis-
tration will be associated with higher acceptance and
compliance. The stimulation of mucosal responses will
also allow infections to be blocked at a very early stage,
thereby breaking the transmission cycle by impairing
microbial transfer to susceptible hosts. These develop-
ments are expected to be instrumental in achieving 
efficient prevention of human disease.
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Fibronectin-binding protein I (SfbI): promissing vaccine

candidate against S. pyogenes with built-in adjuvant pro-

perties.(A) Schematic structure of the SfbI protein and the

recombinant derivative H12. (B) Mice intranasally immu-

nized with the H12 fragment in the presence or absence of

CTB were protected against lethal challenges with a virulent

S. pyogenes strain. (C) Efficient SfbI-specific mucosal IgA

responses were stimulated in mice.

Photo: Schulze, GBF
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Microtubules (red) are part of the cytoskeleton of the cell (le). The tubulysins, which have been isolated from myxobacteria, induce a depletion of micro-

tubules in the cell (ce). By chemical modification we try to find compounds that target selectively microtubules of dividing cells. In these cases, abnormal

spindles are formed (ri), and cell propagation of tumor cells is inhibited (nuclei and chromosomes stained blue).Photos: GBF 
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Programme “Infection and Immunity”

Alarming developments   This view has changed 
dramatically, with more than seventeen million people
still dying each year from infectious diseases – a third 
of all health-related deaths worldwide. While underde-
veloped countries are most strongly affected, infectious
diseases are also an increasing problem for industrialized
societies. Newly emerging infections, such as HIV or
SARS, have devastating effects and reach many countries
through exchange of blood products or global travel.
Environmental changes or alterations in food processing
in developed countries allow new infectious agents to
emerge, as revealed by the ‘mad cow’ epidemic. The 
number of re-emerging infectious diseases, once regarded
as defeated, is rising as a result of antibiotic resistance.
Multidrug resistance is developing against virtually all
currently available drugs, for example in tuberculosis 
and malaria. 

“The war against infectious diseases has been won.” This statement, made in 1962 by the US Surgeon

General, William H. Stewart, reflected the attitude of health care professionals and the public towards

the medical importance of infectious disease at the time. There was a strong conviction that infectious

diseases were no longer a threat, as had been the case just 50 years earlier. The successful development

of antibiotics and vaccines had resulted in one of the greatest achievements in medical research. Eradica-

tion programmes for polio, measles and smallpox had created an atmosphere of security and contribu-

ted to the conviction that infectious diseases would soon be a problem of the past. As a result, public

awareness, medical research and investments by the pharmaceutical industry in the development of 

new anti-microbial drugs diminished. There seemed to be little need to develop new antibiotics and 

vaccines or to invest in the field of infectious diseases. Germany, once a leader in vaccine development,

discontinued almost all of its industrial activity in this area.

PROGRAMME SPEAKER | Prof. Dr. Jürgen Wehland   |   Department of Cell Biology

Medical examination of infectious diseases: Taking a smear

from the throat of an Indian girl.

Photo: Gazlig, GBF
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Furthermore, opportunistic infections are a recurrent 
problem in immuno-compromised patients and an aging
population. Despite these alarming developments, the
opportunities for establishing new diagnostic and effective
therapeutic strategies are better than ever. Systematic 
genome research is providing information on potential
drug targets, thus aiding the development of new anti-
biotics. A better understanding of the functions of in-
dividual genes, combined with knowledge about the 
interactions of microbial genomes with host cellular genes
will provide an excellent basis for the directed design of
chemotherapeutic strategies against microbes. Functional
genome analysis also provides insight into the molecular
basis of immune responses and the genetic susceptibility
to infectious diseases. 

Equally important, our current knowledge of the molecu-
lar and cellular components of the immune system has
opened up new possibilities of clinical intervention in the
form of immunotherapies that extend beyond prophylaxis
to therapeutic intervention. Today, our understanding of
immunity extends far beyond its protective role against
infectious diseases. The immune system not only protects
the host from microorganisms but is also implicated in
detecting altered cellular antigens. The precise mecha-
nisms by which the immune system is undermined by 
certain microorganisms are barely understood. Examples
are latency and immune escape. 

Infection and Immunity   The GBF programme “Infec-
tion and Immunity” is covering basic research in the area
of infectious disease and immunity. It is at the interface 
of these fields where we expect the greatest potential for
the development of new drugs and strategies to prevent
and treat disease. The main objective of the programme is
to understand the principle mechanisms that underlie the
development of infectious diseases. 

This involves basic research on model microorganisms
and their pathogenicity, as well as a detailed analysis of
the mechanisms of immunity. The aim is to understand
the individual molecular and cellular steps that occur
during the process of infection, the mechanisms by which
selected microorganisms cause disease and the basic 
principles of the defence mechanisms used by the host 
to resist and control infections. This knowledge will be
used to develop new tools to prevent and treat infectious
diseases.

The topics of the research programme

• Microorganisms

• Pathogenesis

• Immunobiology

• Prevention and Therapy 

Vaccine-Preventable Child-

hood Diseases   9 %

Tuberculosis   11 %

Other Infectious Diseases   13 %

Acute Respiratory Infections   27 %

Malaria   8 %

HIV/AIDS   19 %

Diarrheal Diseases   13 %

Deaths caused by infectious diseases, 2001

Source: WHO-Report 2002
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Topic 01 – Microorganisms 

Microbial infections are among the major causes of human disease. This topic deals with the molecular

analysis of micoorganisms with the goal of identifying and characterising bacterial virulence factors 

and determining their structure-function relationship. The main focus will be on pathogenic streptococci 

and Listeria. In addition, probiotic E. coli Nissle 1917 and myxobacteria, as bacterial drug producers, will

also be studied as part of this topic. Group A streptococci cause a wide range of diseases, which include 

invasive diseases, as well as sequelae, such as rheumatic heart disease. Pneumococci are capable of 

causing relatively harmless diseases, such as Otitis media, as well as life-threatening pneumonia and

meningitis. Comparative genomics and proteomics studies as well as expression profiling will be per-

formed to identify candidate genes encoding potential virulence factors in pathogenic streptococci. 

Furthermore, genes that are only present in certain sub-populations can be associated with specific 

clinical presentations. Particular emphasis will be placed on the identification of potential streptococcal

rheumatogenic factors and bacterial proteins that interact with the extracellular matrix, or which are

involved in bacterial adhesion, invasion and intracellular survival.

In addition, we aim to identify proteins that play an essential role in intracellular bacterial survival and

motility, as well as cell-to-cell spreading, using Listeria monocytogenes as a model organism. In a first

step, changes in expression pattern and post-translational modifications of membrane proteins under

different physiological conditions will be characterized. Sequencing and characterization of novel 

biosynthetic pathways of another drug producing bacterium, Sorangium cellulosum, will also be studied

in the framework of this topic.

Candidates which have been confirmed as virulence factors or potential drug targets will be studied 

further by investigating their 3D-structures using X-ray crystallography and NMR. The high resolution

description of the 3D-structures of these proteins, or of relevant host-pathogen protein complexes, will

allow the rational design of small molecule compounds that are able to interfere with their specific 

functions and thus provide a basis for the clinical development of novel therapeutics.

TOPIC SPEAKER | Prof. Dr. G. Singh Chhatwal   |   Department of Microbial Pathogenicity and Vaccine Research
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PROJECT LEADER | Prof. Dr. G. Singh Chhatwal   |   Department of Microbial Pathogenicity and Vaccine Research

PROJECT MEMBERS | Dr. Manfred Rohde   |   Dr. Rebecca Towers   |   Patricia Wegmeyer

01.1 Genetic Variability of Streptococci 

Streptococci show large genetic variations among their
virulence factors. These – and other – properties make
them able to cause a wide spectrum of diseases in
humans. The goal of this project is to determine the 
genetic variability of streptococci and its role in infection
and sequelae, such as rheumatic fever. Streptococcal
fibronectin-binding protein SfbI – also known as protein
F1 – is involved in colonisation of epithelial tissues by
Streptococcus pyogenes and is an important virulence factor.
This protein is anchored on the cell surface and essential
for adherence of the bacteria to the host. Comparative
genetic analysis indicated a number of rearrangements in
this gene locus which, therefore, represents a prominent
site for gene transfer. 

Evolution of SfbI   In order to investigate mechanisms
involved in the evolution of SfbI, the gene was sequenced
from 54 different Streptococci-strains. Thirty-five distinct
alleles were identified. Three principal mechanisms 
appear to have been involved in the evolution of SfbI:
The amino-terminal aromatic-rich domain is the most
variable region apparently generated by intergenic recom-
bination of horizontally-acquired DNA cassettes resulting
in a genetic mosaic in this region. Variation in the central
proline-rich region has arisen from the accumulation of
point mutations resulting in two distinct and divergent
sequence types sharing only 55 % homology, while vari-
ation at the 3’-end of the gene is due to deletion or dupli-
cation of defined repeat units. Potential antigenic and
functional variability in SfbI implies significant selective
pressure in vivo with direct implications for the patho-
genesis of Streptococcus pyogenes.

Small streptococci highly magnified: Dr.Manfred Rohde and Prof. Singh Chhatwal

analyse the crosstalk between streptococci and human host cells using a scanning 

electron microscope.

Photo: Bierstedt
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The strategies used by Streptococcus pneumoniae to adhere
to and invade eukaryotic cells are not well understood.
The pneumcoccal research group has contributed to our
understanding of pathogen-host interactions through the
identification of pneumococcal adhesins. These adhesins
represent targets for secretory components – the poly
immunoglobulin receptor hpIgR , lactoferrin, plasmin
and plasminogen as well as fibronectin. Typically, Gram-
positive bacteria use the interaction with extracellular
matrix proteins to adhere to and invade epithelial and
endothelial cells.

The way into the cell   S. pneumoniae binds to the poly-
meric immunoglobulin receptor pIgR which is produced
by mucosal epithelial cells via the bacterial adhesin SpsA.
A hexapeptide motif in SpsA was identified as the mini-
mal binding motif required for binding specifically to
pIgR. Further investigations showed that the hexapeptide
motif in SpsA is crucial for the interaction of pneumo-
cocci and pIgR-expressing cells. 

Another strategy used by bacterial pathogens to cross 
the mucosal barrier, as well as the blood-brain-barrier, is
the acquisition of host proteolytic activity. S. pneumoniae
binds human plasminogen and its subsequent activation
by host serine protease plasmin promotes migration 
of pneumococci through reconstituted basement mem-
branes. 
The surface displayed alpha-enolase – designated Eno –
was identified as the binding site for plasmin and plas-
minogen. Binding assays revealed that besides the 
C-terminal lysyl residues, an additional internal binding
motif is crucial for the binding of plasminogen via the
kringle 1-3 LBS 1 of plasminogen. Analysis of spot syn-
thezised synthetic peptides, representing Eno sequences,
identified an internal peptide of nine amino acids as the
minimal second binding epitope, mediating binding of
plasminogen to Eno. In vitro and in vivo experiments 
confirmed the role of this motif in the virulence of 
streptococci.

new address: 

Zentrum für Infektionsforschung

Universität Würzburg

Röntgenring 11

97070 Würzburg, Germany

*

Adhesion and invasion of streptococci in human mucosa

epithelial cells. The attached streptococci are coloured in 

yellow. In red: streptococci that begin to invade the cell. The

adhesion and invasion of streptococci play an important role

in the infection process.

01.2 Virulence Factors of Streptococcus pneumoniae

PROJECT LEADER | Priv.-Doz. Dr. Sven Hammerschmidt*   |   Department of Microbial Pathogenicity and Vaccine Research

PROJECT MEMBERS | Dr. Simone Bergmann   |   Dagmar Bracht   |   Christine Elm

Photo: Rohde, GBF
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01.3 Identification and Characterisation of 

Bacterial Virulence Factors

The Gram-positive, facultative intracellular pathogen
Listeria monocytogenes can cause food-borne infections 
like meningo-encephalitits and meningitis, especially in
immunocompromised persons. Part of the department is
thus focusing its attention on Listeria virulence factors.
The objective of this project is to analyse the protein 
patterns of Listeria monocytogenes using high resolution
2D-gel electrophoresis and rapid protein identification 
by mass spectrometry based on the completed genome
sequence.

New virulence factors   Since the interactions of 
pathogens with host cells are mediated through their
external, i.e. secreted, cell wall-associated and membrane
proteins, our investigations focused on these subpro-
teomes. Methods for isolating and analysing defined
subproteome fractions were developed and mutants 
analysed to facilitate identification and characterisation
of L. monocytogenes virulence factors. This includes 
protein complexes and the search for potential receptor

proteins on different host cells that participate in host
cell – pathogen interactions. Methods of serial protein
extraction using salts and endolytic cell wall digestion
with protoplast formation for the isolation of secreted
and cell wall-bound proteins were developed. As part 
of these activities, a gel-less method for comparative MS
analysis suitable for rare proteins was developed and 
will be extended to permit quantitative analyses. Nearly
300 Listerial proteins have been identified in the course
of these investigations, including the virulence factors
that are already known, as well as several proteins of
unknown function, mainly classified as being associated
with the cell wall, transport systems and the cell surface. 

PROJECT LEADER | Prof. Dr. Jürgen Wehland   |   Department of Cell Biology

PROJECT MEMBERS | Maja Baumgärtner   |   Dr. Sabine Cornelsen   |   Dr. Oliver Diekmann   |   Dr. Lothar Jänsch

Dr. Uwe Kärst   |   Jessica Schaumburg   |   Kathrin Thedieck   |   Matthias Trost   |   Dr. Dirk Wehmhöhner

A

B

Detection of known and putative virulence factors of L. monocytogenes. A: Three dimensional picture 

of a comparative 2D-PAGE (excerpt). Detection of a putative virulence factor, controlled by the main

regulator for virulence genes PrfP (left: prfA- deletion stem, right: wild type) 

B: mass spectrometrical quantification of a peptide of the known virulence factor Listeriolysin. Labelling

of a sample of the constitutive PrfA expressing strain after guanidification of lysin residues (MCAT).
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01.4 Genomes and Proteomes of Streptococci

PROJECT LEADER | Dr. Dorothea Zähner   |   Department of Microbial Pathogenicity and Vaccine Research

PROJECT MEMBER | Inka Sastalla

The diseases caused in humans by streptococci are very
diverse. The main reason for this is the genetic differences
between the particular strains involved. This project is con-
cerned with the use of genomic methods in characterising
streptococcal isolates and their association with different
streptococcal diseases. It includes the development of
microarrays and the creation of deletion mutants. Together
with our collaborators within the “Kompetenznetzwerk
Pathogenomik” – a whole genome microarray of strep-
tococci has been developed. The genome sequences used
to deduce the oligonucleotide sequences originated from
strain SF370, isolated from a patient suffering from in-
vasive disease, and strain MGAS8323 from a patient with
streptococcal toxic shock syndrome. 

Discovery of new virulence genes   Currently, 80 % 
of the sequence is available. 2,150 oligonucleotides, repre-
senting all of the identified genes, have been deposited on
a microarray. An additional array with a set of 50 oligonu-
cleotides that represent known or putative virulence genes,
has also been developed. This array will be used for quick-
ly determining the presence or absence of virulence genes
in a large number of streptococcal isolates from different
locations, and isolated from patients with different strep-
tococcal diseases. The isolation method for high quality
RNA has been optimised and initial hybridisation trials
with the “virulence gene array” and the “whole genome
array” are in progress. 
Additionally, several mutants with deficiencies in regu-
latory genes have been constructed. The characterisation
of their growth behaviour, ability to adhere and invade
eucaryotic cells, and the assessment of their pathogenic
potential in comparison to the wildtype in the mouse
model are under way. RNA from interesting candidates
will be further processed for expression profiling with 
the aim to identify new virulence factors.

Application of modern molecular biological tools for the

identification of new bacterial virulence factors.

Photo: Bierstedt
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01.5 Analysis of Bacterial Drug Producers

PROJECT LEADER   | Dr. Rolf Müller   |   Research Group Molecular Biology of Myxobacteria

PROJECT MEMBERS | Dr. Stefan Beyer   |   Dr. Ursula Bilitewski   |   Dr. Helmut Blöcker   |   Bettina Frank   |   

Nikolaos Gaitatzis   |   Dr. Klaus Gerth   |   Dr. Frank Gross   |   Julia Hovermann   |   Dr. Herbert Irschik   |   Dr. Rolf Jansen

Dr. Carsten Kegler   |   Maren Kopp   |   Dr. Brigitte Kunze   |   Inga Müller   |   Olena Perlova   |   Dr. Silke Pradella   |   

Dr. Shwan Rachid   |   Axel Sandmann   |   Dr. Florenz Sasse   |   Heinrich Steinmetz   |   Stefan Weinig   |   Silke Wenzel

Natural products with biological activity are a very 
valuable source of pharmaceuticals and agrochemicals. 
A detailed analysis of the biology of microbial drug 
producers will lead to the identification of new active
substances and offer additional therapeutic strategies for 
the treatment of infectious or metabolic diseases and 
cancer. In the long term, the project is aimed at finding
improved methods to harness the biosynthetic potential
of bacterial drug producers.

Unusual hybrid forms…   The project has focused on
functional analysis of the genome of Sorangium cellulosum
So ce56, a member of the Sorangium-group which has
gained a lot of interest as a producer of natural products.
In the course of this project, the genome of S. cellulosum
has been sequenced at the genome sequencing depart-
ment with a 4-fold coverage resulting in less then 800
contigs of the 12,4 Mbp chromosome. A corresponding
BAC-library, representing an 11-fold genome coverage,
was created and spotted onto high density colony filters.
End sequences of more than 100 BACs 
were generated.

Part of a gene cluster involved in chivosazol formation
was identified by gene inactivation, which was made 
possible by the development of a genetic system for gene
transfer and inactivation based on tri- and biparental
mating. A transposon mutagenesis vector harbouring
oriT, the hygromycin resistance gene, and the mariner
transposon was created and can be used for mutagenesis
of S. cellulosum. The modular and macromolecular poly-
ketide synthases and nonribosomal peptide synthetases,
especially in their unusual hybrid forms, were studied 
in detail, because of their immense importance for 
combinatorial biosynthesis.

…and new biosynthetic pathways   The genes gover-
ning tubulysin biosynthesis in Angiococcus disciformis 
and melithiazol biosynthesis in Melittangium gephyra
were cloned, sequenced, analysed and patented. Using
transposon mutagenesis, overproducers of myxothiazol
and tubulysin were generated and the affected genes 
analysed. In the melithiazol gene cluster, a novel type 
of S-adenosylmethiomine dependent methyl transferase
involved in methyl-ester formation was found and 
functionally expressed. The stigmatellin gene cluster was
described and used to create novel stigmatellin derivatives
with biological activity. In Stigmatella aurantiaca, a com-
pletely unknown and primary biosynthetic pathway lea-
ding to the formation of branched chain carboxylic acids
as precursors for fatty acid and secondary metabolite 
formation was found and biochemically described. It 
represents a novel branch of the mevalonate pathway and
is currently under investigation at the molecular level. 

A comprehensive study of steroid biosynthesis in myxo-
bacteria was performed which resulted in identification
of the first known bacterial steroid biosynthesis gene.
Inhibition studies showed that the corresponding bacterial
biosynthetic proteins behaved differently to eucaryotic
proteins, which is important for the development and
analysis of resistance mechanisms, especially against 
antifungal therapeutics.

Formation of fruit bodies of S. cellulosum So ce56

Photo: Gerth, GBF
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01.6 Structural Analysis of Virulence Factors

PROJECT LEADER   | Prof. Dr. Dirk Heinz   |   Department of Structural Biology 

PROJECT MEMBERS | Stefanie Ehinger   |   Susanne Frese   |   Dr. Hans-Jürgen Hecht   |   Dr. Joop van den Heuvel   |

Dr. Birgit Hofmann   |   Dr. Dirk Krumme   |   Marina Lindemann   |   Dr. Hartmut Niemann   |   Dr. Wolf-Dieter Schubert   |

Dr. Victor Wray

Bacteria and other pathogens interact with their environ-
ment via individual molecules. To sense and respond to
their surroundings, they recognize and bind to certain
receptors in their immediate vicinity, inducing directed
responses or signaling cascades. In this project, we are
particularly interested in cases of molecular recognition
between microbial pathogens and their human hosts – 
at atomic resolution. Such detailed information will aid
in combating infections caused by pathogenic bacteria,
viruses or parasites.

Adhesion and invasion by von Listeria mono-
cytogenes The bacterium L. monocytogenes is the causa-
tive agent of listeriosis, a disease with a high mortality
rate mainly in immuno-compromized individuals. 
Picked up by food, the bacterium binds to cells lining 
the human intestine, inducing its own uptake into these
cells. Once inside a host cell, it multiplies and spreads to
neighboring cells. To specifically recognize intestinal cells,
L. monocytogenes presents a dedicated molecule on its cell
surface, known as internalin A (InlA), which recognizes
the human cell surface protein E-cadherin, expressed by
cells of the intestinal epithelium. In the host, E-cadherin
links neighbouring cells of the epithelium through its 
N-terminal domain which dimerizes with equivalent
domains. 

Recently, our research group solved the structure of 
InlA' – the functional part of InlA – both on its own
and in complex with hEC1, the N-terminal domain of
E-cadherin.

Two details are of particular importance: the hydrophobic
amino acid, Pro16, of E-cadherin is intimately recognized
by a hydrophobic pocket on the surface of InlA. In murine
E-cadherin, this proline is replaced by glutamate –
making mice resistant to orally administered Listeria. 
Furthermore, a calcium ion, located between negatively
charged side chains of both proteins, bridges both mole-
cules, leading to further stabilization of the interaction.
Ca2+-concentration in the intestinal lumen is about a
thousand-fold higher than within the cytoplasm, thus
favoring bacterial invasion into the cells. Once inside the
intestinal cell –surrounded by a vacuolar membrane – the
lower Ca2+-concentration destabilizes the complex, thus
releasing the bacterium into the cytoplasm.

In addition to InlA, L. monocytogenes utilizes InlB, a
second, related protein to induce its uptake into cells of
other human tissues. A conspicuous arrangement of five
aromatic residues presented on the concave surface of
InlB’ is immediately obvious, suggesting a potential inter-
action with the InlB-receptor cMet. By replacing these
aromatic amino acids with smaller and polar amino
acids, it could be demonstrated that they are essential in
mediating binding to the dimeric cMet and for inducing
bacterial uptake into eukaryotic cells.

Enolase from Streptococcus pneumoniae α-Enolase
of S. pneumoniae is a intracellular glycolytic enzyme, which
also acts as a virulence factor outside the cell, where it
activates human plasminogen, leading to invasion of the
bacteria of non-phagocytic host cells. The crystal structure
of α-enolase shows regions at its surface that mediate the
interaction with plasminogen. To further characterize the
interaction between both proteins and thereby cast new
light onto the mechanism of invasion, structural analysis
of the protein complex is planned.

The crystal structure of an α-enolase dimer from

Streptococcus pneumoniae.
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Topic 02 – Pathogenesis

TOPIC SPEAKER | Prof. Dr. Jürgen Wehland   |   Department of Cell Biology

A prerequisite for the development of new diagnostic and therapeutic strategies is a detailed knowledge 

of the particular infection process and of how the disease progresses. The projects comprising this topic aim 

at analysing and elucidating the mechanisms of pathogenicity, not only in respect to the pathogen, but also 

in respect to the host system, focussing on host-pathogen interactions, especially the adhesion and invasion

mechanisms of Streptococci, Listeria and pathogenic E. coli. Equally important are the reactions of the host

during infection with respect to its immune defence system.

Here, pathogens have developed sophisticated virulence mechanisms which enable them to circumvent host

defence systems and to survive long enough in the host for establishing an infection. In addition, the establish-

ment of animal infection models is essential for the analysis of pathogenicity mechanisms.

Cells infected by L. monocytogenes

Photo: Rohde, GBF

Dr. David Monner during the daily control of the 

mouse cages 

Photo: Bierstedt
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02.1 Molecular Mechanisms of Pathogen/Host-Cell Interactions

PROJECT LEADER   | Prof. Dr. Jürgen Wehland   |   Department of Cell Biology

PROJECT MEMBERS | Stefanie Benesch   |   Dr. Silvia Lommel   |   Anke Mateus   |   Dr. Sascha Pust   |   

Dr. Klemens Rottner   |   Dr. Antonio Sechi 

In this project, our group had focussed on the establish-
ment and characterisation of cell lines derived from gene
targeted mice lacking functional cytoskeletal components.
Such cell lines are instrumental for analysing host cell-
pathogen interactions at the molecular level. In particular,
we analysed in detail the role of the Ena/VASP family
member VASP (Vasodilator Stimulated Phosphoprotein)
in intracellular Listeria motility, and the role of the
WASP/Scar family member N-WASP (Neuronal Wiskott
Aldrich Syndrome Protein) in Shigella motility. Our data
suggest that Ena/VASP proteins, although not essential,
contribute to Listeria motility by regulating both the for-
mation and elongation of actin filaments at the bacterial
surface. 

In contrast, N-WASP was confirmed to be absolutely
essential for the recruitment and activation of the Arp2/3-
complex to the Shigella surface, and hence for its intra-
cellular actin-based motility. 

Having originally focussed on L. monocytogenes and Shigella
flexneri, our studies now include enteropathogenic and
enterohemorrhagic E. coli (EPEC and EHEC).

Actin tails   Similar to Listeria and Shigella, the facultative
intracellular bacterium Burkholderia pseudomallei induces
actin rearrangements within infected host cells leading to
the formation of actin tails and membrane protrusions. 
To investigate the underlying mechanism, we analysed the
contribution of various cytoskeletal proteins to B. pseudo-
mallei – induced actin tail assembly in detail. The recruit-
ment of these cytoskeletal components to the surface of 
B. pseudomallei and into the corresponding actin tails was
studied. Our results suggest that B. pseudomallei induces
actin polymerisation through a mechanism that differs
from those evolved by other intracellular pathogens that
exploit the actin cytoskeleton, such as Listeria, Shigella,
Rickettsia or vaccinia virus.

Scanning electron microscopical analysis of the interaction

of enteropathogenic E. coli with (A) normal and (B) 

N-WASP-defective fibroblasts. These bacterial pathogens

exploit the actin cytoskeleton in order to induce on the host

cell surface pseudopode-like structures. Bacteria are residing

at the tips of these pedestals (A). The bacteria still adhere 

to N-WASP defective cells (B) but are unable to induce

pseudopodia.

Photo: Rohde, GBF
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02.2 Molecular Mechanisms of Streptococcus/ 

Host Cell Interactions 

PROJECT LEADER   | Dr. Susanne Talay   |   Department of Microbial Pathogenicity and Vaccine Research

PROJECT MEMBERS | Katrin Dinkla   |   Dr. Wouter Jansen   |   Dr. Manfred Rohde

The ability to colonize a host and evade its immune
defence mechanisms are fundamental to infection by
group A streptococci. In this project, a new colonization
mechanism of streptococci was elucidated at the mole-
cular level. Streptococci can recruit and aggregate human
collagen through surface bound fibronectin – a complex
recruitment mechanism triggered by a single protein. 
The research group demonstrated that the biological 
consequence of this interaction is the formation of large
bacterial aggregates, preventing phagocytosis of the 
bacteria. Furthermore, fibronectin-mediated recruitment
of collagen mediates adherence of bacteria on collagen
fibers. 

Magic hood of collagen   Another highlight of this
project was the identification of capsule and M3 protein
as receptors for type IV collagen. This capability of M3
protein is unique. Together with the capsule, it plays an
important role in direct adherence of the bacteria to
collagen fibers and ultimately in colonization.
Serotype M3 S. pyogenes isolates, as well as highly encap-
sulated strains, are able to bind to and colonize collagen.
A serious consequence is the generation of a collagen-
specific auto-immune response in the organism that may
lead to destruction of collagen and tissue damage.

In addition, the cellular processes triggering reorganiza-
tion of the host cell membrane and leading to intra-
cellular uptake of streptococci were identified. Caveolae
are the cellular compartments which govern the uptake
process. SfbI protein is the essential bacterial factor for
caveolae recruitment on the cell surface, triggering fusion
to caveosomes. Streptococci located inside the cell can
evade the immune system and the detrimental effects of
antibiotics, thereby leading to persistence of streptococci
in the host organism.

Cerveolae mediated invasion of S. pyogenes in host cell

Colonization of Streptococcus pyogenes on collagen fibers

Photo: Rohde, GBF

Photo: Rohde, GBF



52 SCIENTIFIC REPORTS |   Infection and Immunity |   Pathogenesis

02.3 Signalling to Actin Dynamics

PROJECT LEADER   | Prof. Dr. Jürgen Wehland   |   Department of Cell Biology 

PROJECT MEMBERS |  Dr. Christian Erck   |   Andrea Jenzora   |   Anika Steffen   |   Dr. Theresia Stradal

The projection of cellular protrusions, such as lamel-
lipodia and filopodia, driven by actin polymerisation 
at the plasma membrane is essential for cell motility 
and for other cellular processes. These processes are also
exploited by bacterial pathogens in order to invade their
host cells. This project is aimed at unravelling the mole-
cular mechanisms underlying these events.

N-WASP   It has often been proposed that N-WASP plays
a crucial role in the protrusion of lamellipodia and filo-
podia. However, our research has shown by the use of 
N-WASP defective cells that this protein is not essential
for the formation of the above mentioned structures, 
but rather, is necessary for actin assembly at the surface 
of endomembranes associated with so-called vesicle
rocketing. Our findings reveal the first distinct cellular
phenotype for loss of N-WASP function and indicate 
that the proposed link between actin and membrane
dynamics may be reflected in actin-based vesicle move-
ment.

A new protein: PREL1   The surface protein ActA of 
the bacterial pathogen Listeria monocytogenes is respon-
sible for actin-based intracellular motility of this patho-
gen. ActA recruits the Arp2/3 complex and Ena/VASP 
proteins from the host cell cytoplasm to support actin 
tail formation. 

Ena/VASP proteins are important modulatory com-
ponents in the regulation of cell migration. Identification
of the mode of interaction between bacterial ActA and
Ena/VASP proteins was an essential contribution to our
understanding of how Ena/VASP proteins are recruited 
in the cell. 

A HeLa expression library was screened with a mono-
clonal antibody generated to recognize the proline-rich
Ena/VASP-binding consensus sequence. We identified 
a novel protein, which we termed PREL1 (Proline 
Rich EVH1 Ligand). PREL1 shares homology with the
Grb7/10/14-family of signalling adaptors and has a mole-
cular weight of 73 kDa. It could be shown that PREL1 is
located mainly on lamellipodia tips and directly interacts
with Ena/VASP proteins, suggesting a critical role for
PREL1 in the regulation of actin dynamics.

Fluorescence microscopical image of a motile fibroblast,

revealing typical lamellipodia at the front end (arrows). 

The actin cytoskeleton is visualized by a specific 

immuno-staining.

Photo: GBF
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02.4 Host Reactions after Infection with Intracellular Bacteria

PROJECT LEADER   | Dr. Siegfried Weiß   |   Research Group Molecular Immunology

PROJECT MEMBERS | Dr. Jan Buer  |   Dr. Kurt Dittmar   |   Nelson Gekara   |   Jadwiga Jablonska   |   Dr. Jörg Lauber   |   

Dr. Stefan Lienenklaus   |   Christofer Samuelsson

On being invaded by an infectious agent, the host im-
mediately activates its defence mechanisms by reacting
against molecules in respect to which host and the micro-
organism are clearly distinct, like particular glycolipids or
unmethylated DNA motifs. Pathogens, on the other hand,
have developed virulence mechanisms that circumvent
the host’s defence systems, at least to a certain degree, 
in order to survive long enough in the host to establish
an infection. Such virulence factors often also activate
particular host responses. Thus, it is obvious that highly
complex interactions between pathogen and host take
place, which finally end in the clearance of the pathogen
or the succumbing of the host to the infection. 

Especially early interactions are often decisive under such
circumstances. Therefore, this project studies early events
that take place during an infection by the intracellular
bacterium Listeria monocytogenes. This infection system
has been extensively studied in vitro. In addition, a well 
defined murine infection model exists. Finally, the mole-
cular genetics of these bacteria is well established, the
sequence of their genome is known und many mutants
are available that lack particular virulence factors.

Restructuring of the architecture of the spleen after infection

with Listeria monocytogenes. In the spleen, after intrave-

nous infection, L. monocytogenes are taken up by ERTR-9

macrophages (green) that reside in the outer rim of the

marginal zone surrounding lymphoid follicles. Such infected

macrophages produce particular chemokines upon infection

by L. monocytogenes and form the condensation nuclei 

for clusters consisting of macrophages and dendritic cells

observed 24 hrs after infection. In contrast, MOMA-1

macrophages (red) that form the inner rim of the marginal

zone and which are not infected by the bacteria migrate 

into the B-cell area indicated by the marker B220 (blue). 

Complex chemokine expression patterns   Following
intravenous infection, macrophages of the marginal zone
of the spleen are the first target cells for L. monocytogenes.
Since it is not yet possible to isolate sufficient numbers 
of such cells for a comprehensive analysis of regulated
genes, we first infected an established murine macro-
phage cell line with an optimal number of Listeria and
analyzed them by micro expression arrays. Most of the
induced genes coded for cytokines, including chemo-
kines. Chemokines were of special interest since these
molecules are involved in attracting other cells to the
place of infection and can also act as activators for 
other cells. The differentially expressed genes were first
confirmed by Real-Time-RT-PCR using different types 
of macrophages that were infected in vitro.

Subsequently, the cytokine/chemokine pattern produced
by macrophages after infection was established by Real-
Time-RT-PCR in vivo, whereby large deviations from the
pattern established in vitro were observed. Macrophages
did not produce β-interferon, although strong expression
of this cytokine was observed in the spleen. Histological
studies showed that infected macrophages were associa-
ted with plasmacytoid dendritic cells. These cells are
known to be the major producers of α- and β-interferons.

Detailed analysis of chemokine expression by infected
macrophages in vivo revealed additional differences to 
in vitro expression. Some chemokines are produced at 
a very high rate and in remarkable quanities for a brief
period, but become almost undetectable after a short
time – whereas other chemokines dominate the host 
response. This expression pattern of chemokines, together
with additional inflammatory cytokines, results in marked
restructuring of the spleen’s architecture.

These studies have been performed so far in BALB/c mice.
Now, we have extended these experiments to two addi-
tional strains: C57Bl/6, which is more resistant to Listeria,
and DBA/2, which is more susceptible. Deviating patterns
of chemokine and interferon expression were observed in
the three mouse strains tested. We hope to correlate these
expression patterns with the status of susceptibility.

Photo: GBF
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02.5 Pathogenesis of Streptococcus in Animal Models 

PROJECT LEADER | Dr. Eva Medina   |   Department of Microbial Pathogenicity and Vaccine Research

PROJECT MEMBERS | Maike Bolm   |   Dr. Wouter Jansen   |   Antonia Toppel

Clinical manifestations of infection caused by group A
streptococci, e.g. Streptococcus pyogenes, include mild
diseases such as pharyngitis, but also very severe ones,
like necrotizing fasciitis and streptococcal toxic shock
syndrome. Several studies have suggested that host gene-
tic factors might be involved in the predisposition of 
the patient to develop a mild or a severe form of strepto-
coccal disease. 

This hypothesis is supported by experimental studies of 
S. pyogenes infection in inbred strains of mice, which show
marked differences in survival depending on the mouse
strain. Thus, while some strains of mice (e.g. BALB/c,
DBA/2) were very resistant and developed only a very
mild form of disease after infection with S. pyogenes,
other strains (e.g. C3H/HeN, CBA/J) were much more
susceptible and developed very severe streptococcal in-
fections. Identification of host immune mechanisms 
that contribute to the severity of infection with S. pyogenes
in mice will increase our understanding of the genetic
factors that may also determine resistance and suscepti-
bility to streptococcal infections in humans. 

Our results show that resolution of infection in resistant
mice was correlated with an effective control of bacterial
growth and with a moderate inflammatory response. In
contrast, susceptible mice failed to control bacterial 
growth and responded to infection with a vigorous
inflammatory reaction (significant increases in serum
levels of inflammatory mediators), which cause extensive
tissue destruction, organ failure, and death. A mild
inflammatory response, as observed in the resistant mice,
is needed to control and kill the invading pathogen. In
contrast, the excessive inflammatory response observed 
in susceptible mice is potentially autodestructive and can
be fatal. In conclusion, our results seem to indicate that
the susceptibility of mice to S. pyogenes infection is a
combination of two mechanisms: impaired capacity of
immune mechanisms to kill S. pyogenes and genetic pre-
disposition to generating a strong inflammatory response
to streptococcal products. 

S. pyogenes survives neutrophils   Since the late
1980s, an increased incidence of severe invasive GAS 
in-fections have been observed worldwide. This increase
has renewed the interest in understanding virulence
mechanisms of this pathogen at the molecular level. 
Therefore, the objective of this part of our work was to
gain further insights into the strategies used by S. pyogenes
to escape host defense mechanisms and survive in the
infected host. 

Neutrophils have long been known to provide significant
host defence against S. pyogenes infection and a high
number of these cells can be detected at the infection
foci. We have demonstrated that an additional strategy of
S. pyogenes to circumvent the host defences is to avoid the
killing mechanisms and to survive intracellularly within
the neutrophils. By surviving within these phagocytic
cells, S. pyogenes can also exploit the free trafficking privi-
leges of these cells within the 
host to systemically disseminate from a local focus of
infection. Intracellular bacteria could then establish new
sites of infection by eventually escaping from the short-
live neutrophils. A better understanding of the biology 
of streptococcal infections could be of critical importance
for the design of new therapeutic interventions and treat-
ments against S. pyogenes.

The confocal microscope facility at the GBF. The advantage

of confocal over conventional microscopy is the possibility to

observe structural components within cells and tissues in

three dimensions.
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Topic 03 – Immunobiology

The research topic, immunobiology, studies basic mechanisms of the immune system. These mechanism

normally act to defend the organism against infection. However, when it malfunctions, the immune

system can turn against the body it is meant to defend, causing allergies, chronic inflammation, and

autoimmunity. Analysis of these mechanisms is conducted using mouse models. The targeted alteration

of genetic information in the mouse facilitates cause-orientated observation of the processes involved 

in disease. Intracellular systems are studied, such as signal transduction and gene regulation during the

immune response. Intercellular reactions, such as T-cell tolerance, mucosal immunity, or the in vivo 

analysis of cell dynamics during immunological processes, also belong to the spectrum of research 

covered, as do the developmental and physiological regulation of immune defence genes and the com-

parative sequence analysis of the murine IgH locus.

TOPIC SPEAKER | Dr. Werner Müller   |   Department of Experimental Immunology

Perparation of samples Taking blood from a mouse for the analysis of immune cells
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PROJECT LEADER | Dr. Hansjörg Hauser   |   Department of Gene Regulation and Differentation

PROJECT MEMBERS | Dr. Thomas Böldicke   |   Thomas Frahm   |   Natali Froese   |   Dr. Gerhard Gross   |   
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03.1 Signal Transduction and Gene Regulation

Pathogenic attacks induce numerous activities in host
cells, including pathways that lead to innate immune
activation. Cytokines and inflammatory signals in turn
induce alterations in the target cell’s expression profiles.
Microorganisms, as well as cytokines, activate gene expres-
sion through signalling cascades, involving families of
proteins, that are of central importance in the regulation,
not only of host defence, but also for “normal” cell proli-
feration, differentiation and cell death. Cellular responses
to many cytokines and pathogens occur through liganded
receptors and NF-κB, leading to the secretion of various
modulators, such as cytokines, chemokines and inter-
ferons. This leads to the activation of multiple factors via
TAK1, members of the Jak-STAT pathway and of protein
kinases, such as p38, JNK, IKK-beta and PKB/Akt. 

We are investigating intermediates in the NF-κB and 
Jak-STAT pathway and the possibility of cross-talk 
between different signalling pathways characterized by 
signalling mediators, such as TAK1/SMAD, SMAD/STAT
and NF-κB/TAK1. One aim is toelucidate the network of
signalling mediator interactions and to analyse the bio-
logical functions in which certain signal mediators are
involved.

IRF-1, NRF and TAK 1   The transcriptional activator, 
IRF-1, which is induced by many cytokines and patho-
gens, reverts the transformed phenotype of oncogenically
transformed cells. This is reflected by in a normalization 
of the cell cycle, changes in the expression of relevant 
proteins, as well as in phenotypic effects. 

NF-κB mediates the cytokine induced transcriptional
simulation of many genes. NF-κB repressing factor, NRF, 
is responsible for the constitutive silencing of several 
NF-κB promoters, including those that direct the IL-8 and
IFN-β genes. We have been able to show that a similar
mechanism is directing the regulation of the iNOS gene.

TAK1 – the MAP kinase MAP3K – is a central signalling
mediator activated by proinflammatory cytokines like
TNF-α, IL-1 and bacterial LPS. TAK1 has the ability 
to interact directly with all SMAD types. The SMAD 
interaction with TAK1 takes place through the conserved
SMAD-MH2 domain and this interaction is dependent 
on the presence of the active kinase domain of TAK1. 

This interaction has important biological consequences.
For example, BMP-dependent tissue-regeneration seems
to be entirely blocked by activated TAK1 during inflam-
mation and infection.

STAT-signalling The regulation of STAT protein activation
and the kinetics of subcellular transfer during cytokine
stimulation was studied. To monitor protein-protein and
protein-DNA interactions during STAT signalling, diverse
methods of confocal laser scanning microscopy were
applied: Fluorescence Resonance Energy Transfer (FRET),
Fluorescence Loss in Photobleaching (FLIP) and Fluores-
cence Recovery after Photobleaching (FRAP). Using 
the FRAP technique, the interaction of STAT2 with its
interaction partner, p48, was demonstrated. Cytoplasmic
anchored p48 reduced the intracellular mobility of a
STAT2-GFP fusion protein compared to the effect of the
interaction mutant p48¢ID.

FRAP analysis for measuring protein-protein interactions 

in living cells. The intracellular mobility of a STAT2-GFP

fusion protein was determined by the FRAP technique in 

the presence of a membrane anchored wild type p48 protein

or a mutant p48DID protein, respectively. The STAT2-GFP

proteins in the blue circle were bleached while the red 

circle serves as a control region. The recovery of fluorescent

molecules was measured in the control and in the bleached

region over time. The plot shows examples of FRAP recovery

curves. The membrane anchored wild type p48 strongly

reduces the intracellular mobility of STAT2-GFP compared

to the interaction-deficient mutant p48DID.
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Whole genome sequences have become available for
various eukaryotes. At the same time, there is increasing
awareness that an understanding of differentiated cells
requires information about higher genomic organization
levels. We have shown that a particular class of the res-
ponsible DNA elements – scaffold/matrix attachment
regions S/MARs – has a marked propensity for base un-
pairing and thereby for adopting secondary structures.
Based on these findings, we have derived rules by which
it is possible to define the location of functional gene
domains using computer guided experiments. S/MARs
have a number of attributes which make them particu-
larly useful tools for constructing integrating and extra
chromosomal transgenes with predictable gene expression
systems. They increase transcriptional initiation rates
using a mechanism different to that of enhancement,
while at the same time alleviating the common pheno-
menon of locus dependent expression and suppressing
silencing phenomena.

Techniques that have been developed for the elucidation
of genomic organization principles will enable the rational
construction of transgenic models. At suitable genomic
sites it is possible to apply a set of tags. These facilitate
the exchange of the initial expression cassette – usually 
a reporter gene – ,using recombinase mediated exchange
technique (RMCE), with an analogous cassette carrying
the gene of interest. 

S/MAR-Database and -Performance
In cooperation with the GBF’s Bioinformatics Department,
we have established a S/MAR transaction database, thus
providing the basis for the elucidation of common struc-
tural principles using various algorithms – tested on the
human interferon gene cluster. The study demonstrates a
close correlation of stress-induced duplex-destabilization
SIDD minima, affinity for the nuclear matrix and biologi-
cal activity in a variety of test systems. In an intergenic
region, we have detected a novel type of regularly spaced
S/MARs with a distinct protein recognition profile. Our
hypothisis: these sites are involved in the organization 
of higher order chromatin folding at a level above the
established periodic bent sites.

Nonviral Episomal Vector   A natural S/MAR has been
used to construct a novel prototype episomal vector which
remains extrachromosomal in the absence of selection
pressure. The major binding protein, hnRNP-U, was
determined by an in vivo cross-linking strategy and the
requirement of ongoing transcription for episomal 
maintenance. Antibody expression studies have been
initiated using both one- and two-episome systems for
co-expression of heavy and light chains.

Fragile Genomic Sites   Studies have indicated that
retroviral integration occurs adjacent to scaffold/matrix
attachment regions in regions that otherwise have the
property of fragile sites. This mechanism explains the
transcriptional properties of proviruses and hints at the
occurence of lymphomas which have recently been
described as a consequence of gene therapeutic protocols
with retroviral vectors.

Cassette Exchange System   Using the RMCE prin-
ciple, we were able to introduce test constructs carrying
either a set of prototype insulators, a set of S/MARs or
neutral DNA into various genomic sites and compare
their performance. The results revealed unexpected simi-
larities between the GC-rich insulator element HS4 and 
a set of AT-rich S/MARs.

PROJECT LEADER | Prof. Dr. Jürgen Bode   |   Research Group Epigenetic Regulation Mechanisms

PROJECT MEMBERS | Dr. Alexandra Baer   |   Ellen Ernst   |   Sandra Götze   |   Yves Hüsemann   |   Martin Klar   |   

Dr. Angela Knopp   |   Kristina Nehlsen   |   André Oumard 

03.2 Epigenetic Principles of Gene Regulation

Mario Köster and Sandra Götze studying the architecture 

of the cell nucleus with fluorescence microscopy.
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PROJECT LEADER | Dr. Harald Conradt   |   Research Group Protein Glycosylation

PROJECT MEMBER | Dr. Manfred Nimtz 

03.3 Posttranslational Protein Modification

The research group performed a 2D-PAGE/TOF-mapping
of the proteins from human dendritic cells DCs. More
than 200 protein spots have been identified – including
cell surface lectins and carbohydrate receptor proteins.
Selected proteins have also been analysed with respect 
to their posttranslational modifications, such as glycosy-
lation, sulfation and phosphorylation.

Recombinant adenovirus vectors   In collaboration
with the Department Gene Regulation and Differentation,
a recombinant adenovirus vector harbouring the cDNA 
of human EPO was prepared. After infection of a series of
human and animal primary cells from various tissues, as
well as cell lines, the secreted EPO was immuno-purified
and analysed – including MS-MS/MS techniques – for the
N-and O-linked carbohydrate chains. These cell lines –
with cDNA transfection and adenovirus infection – both
yielded an identical pattern of glycosylation for the EPO
product. Thus, recombinant adenovirus vectors provide a
versatile tool for studying the posttranslational modifica-
tion repertoire of primary animal cells and cell lines.

Oligosaccharide libraries   An oligosaccharide 
library has been established which contains more than
200 basic complex N-linked oligosaccharide structures.
This library can be extended by in vitro glycosylation
using defined glycosyltransferases to more than 1200 
different oligosacharide structures. The oligosaccharide
library will be used for preparing affinity matrices destined
for the isolation of carbohydrate binding receptors, in-
volved in cell-cell recognition, and for studying the bio-
logical significance of carbohydrate based receptor-ligand
interactions – as a tool for approaching cell surface pro-
teins and the enzyme machinery of the Golgi apparatus.

Preparation of a gel electrophoresis
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Animal studies reflect the whole complexity of an or-
ganism. However, such experiments are often extremely
time consuming, difficult to reproduce and may not
allow elaboration of mechanisms at the molecular detail.
For these purposes, and to reduce the use of experimental
animals, there is strong interest in using cell culture
models to elucidate molecular details. In addition, tech-
nologies, such as gene array expression analysis, and 
research areas such as genomics, proteomics and systems
biology, are highly dependent on homogenous, well 
defined and reproducible conditions. For these reasons,
cell culture models are making an essential contribution
to the investigation of host-pathogen interactions. 

Immortalised cells   Mice are preferred model orga-
nisms for infectious diseases. Whereas haematopoietic
cells, such as monocytes, macrophages and dendritic
cells, can often be isolated and cultured as homogenous
populations, this is not generally true for cells derived
from solid tissues. We are therefore establishing charac-
terized, immune-relevant cell lines from wild-type and
mutant mice or from embryonic stem cells. So far, cell
lines of fibroblast and endothelial origin have been 
successfully established.

Whereas immortalization allows indefinite propagation
of a cell line for experimental reasons, the immortaliza-
tion procedure itself may influence relevant characteristics
of a cell line. It has been shown that by reverting the
immortalization process, certain primary cell characteri-
stics can be restored. This is achieved by suppressing
expression of the immortalization gene using a regulated
promoter. First attempts at reversible immortalization
have been successful. Further characterization of these
cells and of various other cell types are in progress.

PROJECT LEADER | Dr. Hansjörg Hauser   |   Department of Gene Regulation and Differentiation

PROJECT MEMBERS | Tobias May   |   Dr. Peter P. Müller   |   Roland Schucht   |   Dr. Herbert Weich   |   

Dr. Dagmar Wirth   |   Claas Wodarczyk

Two strategies for endothelial cell immortalisation. A: Wild

type mice or mouse mutants are  used to isolate mouse

embryos. The  isolated primary cells from the embryos are

infected with a polyoma middle T (PymT) gene carrying

retrovirus after explanation of the embryonic cells. PymT

containing retrovirus preferentially immortalizes endothelial

cells. Such endotheliomas are selected by specific culture

conditions. B: Alternatively, established mouse embryonic

stem cells are differentiated by changing the microenviron-

ment.  The mixture of differentiated cells is again infected

with PymT virus. Resulting endotheliomas are analysed for

specific mouse endothelial cell surface markers (e.g. CD31

and CD34).

03.4 Cellular Models for Infectious Diseases
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This project focuses on the identification of host genetic
factors which play a key role in immune defence against
bacterial pathogens. The objective is to use the mouse 
as a model system for the identification and functional 
characterization of infection susceptibility genes. The
general idea is that infection susceptibility genes identi-
fied in mouse models can subsequently be evaluated for
their possible association with genetic predisposition to
infectious diseases in human patients.

Escaping the immune system   Many bacterial and
viral pathogens induce apoptosis in host cells at critical
phases of infection. They use this mechanism to efficient-
ly evade the host immune system. Host cells killed by
programmed cell death are engulfed by macrophages 
within minutes of apoptosis induction. The uptake and
removal of apoptotic cells by macrophages can dramati-

cally change their inflammatory responses, in the sense
that they actively suppress the secretion of pro-inflamma-
tory mediators. The clearance of apoptotic cells is crucial
in preventing post-apoptotic necrosis and the deregulation
of inflammatory reactions. A protein implicated as a key
regulator in the clearance of apoptotic cells is the phos-
phatidylserine receptor. 

Within the last year we have investigated the expression
of this receptor in different mouse tissues and macro-
phage populations. We were able to show that the 
phosphatidylserine receptor is expressed in clusters on
the cell surface of macrophages. To characterize the in vivo
function of the phosphatidylserine receptor, different
mouse models will be developed.

The vitamin D receptor – a gene for infection 
susceptibility?   Genetic association studies in human
populations link susceptibility to tuberculosis, chronic
hepatitis B infections and Dengue fever to the vitamin D
receptor gene VDR. Our hypothesis: vitamin D is an
important immune regulatory hormone. To verify it, we
used a mouse mutant with a defective Vdr-gene. It was
demonstrated that Vdr-knockout mice are susceptible to
infections with the intracellular pathogen Listeria mono-
cytogenes. These experiments now provide the basis for
elucidating which immune effector cells might be influ-
enced by Vitamin D signalling.

Susceptibility to Streptococcus pyogenes
Infections with Streptococcus pyogenes can cause septic
shock and multiple organ failure in humans, as well 
as in certain inbred strains of mice. The primary reason
for the development of sepsis in the mouse infection
model is a deficiency in the capability to control bacterial 
replication and pathogen clearance in the early phase of
infection. This susceptibility is genetically determined.
Using genetic linkage studies, it could be shown that
genes on mouse chromosomes 2, 7 and 17 influence 
the outcome of infection.

PROJECT LEADER | Dr. Andreas Lengeling   |   Research Group Infection Genetics

PROJECT MEMBERS | Jens Böse   |   Laura Helming   |   Dr. Bastian Pasche

Expression of the phosphatidylserine receptor on

peritoneal macrophages induced by thioglycollate.

Immuno-staining reveals in red the phosphatidyl-

serine receptor, in green the macrophage surface

molecule F4/80.

03.5 Genetic Mechanisms of Innate Immunity
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The research activities of this group are concerned with 
T-cell tolerance and mucosal immunity, focussing on the
molecular biology of the interaction between the mucosal
immune system and bacteria. This requires the de-
velopment and use of methods for dynamic analysis of 
in vivo gene expression. Our aim is to develop, in animal
models, completely new and highly effective therapies for
patients with disturbed mucosal immunity, which cause
inflammation and autoimmunity.

T-cell tolerance   Recently, a new molecular marker 
for peripheral immune regulation was identified and its
importance in maintaining peripheral in vivo tolerance
demonstrated. Using a multiplex-single cell-RT-PCR, the
direct expression of MHC class II molecules in island
cells of the pancreas was demonstrated. Currently, this 
in vivo model is playing an important role in elucidating
some basic questions relating to peripheral immune 
regulation.

Mucosal immunity   One of the key tasks of the intesti-
nal immune system is to develop and maintain tolerance
against numerous antigens. This is reflected in the reduced
ability of mucosal T-lymphocytes to be stimulated by
antigens and mitogens, as well as in the production of
cytokines with suppressor activities. The phenomenon of
antigen-specific suppression of systemic immune-responses
after application of oral antigens is referred to as the
induction of oral tolerance. In this way, systemic tolerance
is achieved either actively or passively. The significance of
local immunological reactions in the intestinal mucosa
for the pathogenesis of various intestinal diseases has
become more and more apparent in the last few years.
Studies with knock-out mice have shown that disrupted
interactions between mucosal T cells and normal micro-
bial flora play a special role. The molecular basis of such
mucosal dysregulation and its specific treatment is not yet
completely understood and still the subject of intensive
research. The therapeutic manipulation of intestinal flora
plays a significant role.

PROJECT LEADER | Prof. Dr. Jan Buer   |   Research Group Mucosal Immunity
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03.6 T-Cell Development and Function

Cell sorting of T-cell lymphocytes

Mouse model system   Models used to research the
mucosal immune system of the intestine have become
well established and already produced very promising
results. The group is also developing a TCR transgenic
mouse model for studying disturbances of the immune
system associated with the mucus membranes of the 
lung. In this project, hemagglutinin –a selectived antigen
in the alveolar epithelium of TCR-HA mice – is being
expressed and studied to see if modulation of the lung’s
mucosal T-cell system can be achieved with the help of
recombinant bacteria expressing a defined antigen in the
gastro intestinal-tract. The model system has been esta-
blished and its molecular characterisation is now being
carried out. 

Another focus of our research is the complex interaction –
so called Cross-Talk – of E. coli 0157 EHEC with host
cells. Together with the Institute of Medical Microbiology
at the MHH, the impact of EHEC toxins on endothelial
cells was studied.
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03.7 B-Cell Subpopulations

Genes differentially expressed in isolated B1a cells from the

spleen and the peritoneal cavity revealed by RT-PCR. Cells

were sorted according to IgM and CD5 expression, and

RNA was extracted from about 100,000 cells. PCR was 

performed after reverse transcription using primers specific

for VCAM-1 (Vascular cell adhesion molecule 1), CD206

(mannose receptor), lipoprotein lipase, hydroxyprostaglandin

dehydrogenase 15 (NAD), Spi-C (transcription factor) and

CCR3 (chemokine receptor). The house keeping genes CD5

and HPRT were used as control for integrity and appropriate

concentration of cDNA. Water was used as control for the

specificity of the PCR reaction. 

Antibody producing B cells can be subdivided into 
follicular B2 cells, B1a, B1b and marginal zone B cells.
Follicular B2 cells are continuously generated in the bone
marrow of adult individuals. They respond specifically
after introduction of antigens by differentiation into 
plasma cells, as well as by undergoing isotype switching
and somatic hypermutation. They can also develop into
memory B cells. Marginal zone B cells are closely related
to follicular B2 cells. However, due to their rapid pro-
liferation ability and their location in the spleen, they 
are believed to provide a first line of antibody defence
against blood born infections. B1a and b cells dominate
body cavities like the peritoneum, although B1a cells can
also be found in spleen. Such B cells are believed to be
responsible for the production of most of the serum IgM
and of natural antibodies. Thus, they are also considered
to provide a first line of antibody defence against in-
fection. B1 cells are self renewing – they are normally
only generated in foetal and neonatal phases of develop-
ment, but not in adults.

Biology of the first line of antibody defence   
In order to understand the physiology of the B-cell popu-
lations involved in the first line of antibody defence, 
our research group is using a recombinant mouse that
expresses high levels of a lamda 2 immunoglobulin light
chain as transgene. The B-cell populations found in these
mice are exclusively of the first line of defence. Normal
numbers of marginal zone B cells are found, B1a cells
dominate the peritoneum and spleen; no follicular B2
cells can be detected in such mice. 

First, we analysed the heavy chain repertoire of B cells
under the restriction of the transgenic light chain. The
peritoneal B1a compartment was dominated by a few
heavy chains often derived from independent rearrange-
ment events. 

Such sequences were not detectable in B cells from fetal
liver, the primary lymphoid organ were B1a cells are
generated. Thus, strong antigen selection, most likely by
an autoantigen, must be acting on B1a cells in the adult
peritoneum. To define the antigen that selects such anti-
bodies, several hybridomas from such dominating clones
were established. These experiments were extended to the
repertoire of B1a cells of the spleen. Little overlap was
observed between the sequences derived from peritoneum
and the spleen, suggesting little exchange of B1a cells 
between these locations. Transfer experiments confirmed
this finding. However, it was shown that peritoneal B1a
cells have the capacity to migrate to the spleen when
transferred to mice that have no lymphocytes.

The unique situation of a mouse that only contains B
cells of the first line of defence allowed us to study the
genetic programme of these B-cell subsets. Sorted cells of 
the various subpopulations were used for analysis using
micro expression arrays. To obtain sufficient amounts of
RNA for hybridisation, a two fold RNA amplification step
was performed before use. This analysis cast light on the
physiological differences between peritoneal and splenic
B1a cells with regard to T-cell interaction and activation
status. These experiments were flanked by functional tests
to confirm properties that were suggested by the gene
expression analysis.
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The immune system is essential for defense against
pathogens. It is composed of specific organ structures
consisting of many different cell types that show exten-
sive migration activities within the body. The cytokine
network is one of a number of mechanisms which tightly
regulate interactions between these cells. Our research
group is currently analysing how lymphocyte migration
is regulated during immune response, and how specific
cytokines regulate the immune system during host 
defence.

Chronic inflammation of the bowl   The complete
mouse genome sequence is now known. There are two
ways to specifically inactivate selected genes in the mouse
germ line. One method leads to complete inactivation of
the respective gene. The other, more sophisticated
method, allows inducible and cell type specific inactiva-
tion of genes in the adult mouse. These animal models
are particularly useful, since they mimic what happens 
in acquired diseases in humans. This method of targeted
gene inactivation was applied to two groups of genes, 
to cytokine and cytokine receptor genes, as well as to
homing receptor genes. The main focus of our studies
was the gut associated immune system, dysregulation of
which leads to severe chronic inflammation of the bowl,
resulting in diseases such as Morbus Crohn and Colitis
ulcerosa. The function of the gut associated immune
system is not only studied in the undisturbed mouse
mutant, it is also analysed in mice infected with bacteria
that can cause strong inflammatory responses of the gut
– in particular the consequences of Yersinia enterocolitica
infections.

Generating mouse models   The gene-targeting labora-
tory helps other GBF researchers to generate specific
mouse mutants with genetic modifications that alter
their immune system. This systematic approach to targe-
ted mutations in mice will result in a valuable and
expanding collection of mouse mutants for the research
of the immune defense.
The application of bioinformatics tools complements our
work with genetically modified mice. A publicly accessible
sequence analysis server has been set up (http://ngfn-
blast.gbf.de/), whose functions include the comparative
analysis of mouse and human genes, which is essential
for the development of mouse mutants. In addition, 
our research group is analysing a big gene cluster that is
required for the generation of immunoglobulins. Immu-
noglobulins are effector molecules for the immune
defense and are of particular importance for the elimina-
tion of pathogens from the body. 

PROJECT LEADER | Dr. Werner Müller   |   Department of Experimental Immunology

PROJECT MEMBERS | Dr. Mariella Bollati Fogolin   |   Anne Fleige   |   Dr. Martin Hafner   |   

Rolf Hühne   |   Carola Neffgen   |   Ida Retter   |   Dr. Angela Schippers   |   Samira Schroeder   |   Gudrun Wessel

Embryonal stem cells from mice are studied under the

microscope.

03.8 Biology of the Immune Defense
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Immunity can broadly be divided into a humoral and 
a cellular arm. The humoral part is mediated by soluble
factors such as antibodies or complement and the cellular
part by whole cells, like T cells, B cells and dendritic 
cells (DC). While humoral immunity is only indirectly
observable by looking at its effects, cells can be directly
visualized “at work”.

Migration of dendritic cells  As antigen presenting
cells, DC are at the beginning of every new cellular
immune response. They reside in the periphery of the
body, where they take up invading pathogens and trans-
port them to draining lymph nodes to present them to 
T cells. Although central to cellular immunity, this trans-
portation process has not been observed directly until
now and nothing is known about its in vivo dynamics.
There are numerous situations, where a defect in the
generation of immune responses might be explained by
disturbed DC migration. In the case of the immuno-
therapy of cancer, which now tries to make use of DC 
as carriers of tumour antigens, a major unsolved problem
is the optimal route of DC application to the patient
without disturbing their inherent migration potential.
Thus, being able to visualize normal and defective DC
migration in vivo would provide a useful tool for gaining
an insight into this basic process, would help optimize
protocols for vaccination programmes, and increase our
understanding of disease processes.

PROJECT LEADER | Dr. Matthias Gunzer   |   Research Group Immunodynamics

PROJECT MEMBERS | Anja Hillmer   |   Michael Templin 

03.9 Imaging Cellular Dynamics of 

Immunological Processes

B cells engaging an antigen specific T cell during the process

of T-cell activation. The “spaghetti”-like structures represent

an artificial extracellular matrix consisting of 3-D collagen

fibres.

T-APC cell interaction   Another aspect of cellular
immunity, which is currently being studied intensively, is
the physical interaction of T cells with antigen presenting
cells (APC) during antigen presentation. While most of
the work underlying current theories of T-APC interaction
has been performed in vitro, only very recently imaging
in explanted lymphatic tissue has shed light on the very
dynamic migration processes going on in real lymphatic
tissue. Such studies may lead to an entirely new way of
thinking about of how T cell activation is achieved in vivo
and what goes wrong in the case of disease or lethal
infection.

Microscopy of living tissues   Seeing is believing (and
understanding). The ultimate aim of our reseach group 
is the visualization of cellular immunity taking place 
within its natural environment – a non-invasive approach
using state of the art microscopy techniques. We want a
comprehensive and literal insight into the biophysical
dynamics underlying cellular immune processes. This
technique will remain a major tool for generating and
testing working hypotheses. At the same time, we are 
working at imaging explanted, and later in situ, tissues of
the mouse by using time-lapse confocal and two-photon
microscopy. The two-photon microscopy technique is
able to generate high resolution images deep within vital
tissue. To get a complete picture, images must be obtained
both at sites of immune induction – in lymphnodes,
spleen and gut – and at sites of immune intervention – 
in gut, skin and tumour-metastasis. Once the technique
has been established, it is planed to use genetically
engineered mice – carrying dye-tagged molecules such as
MHC II or CD3 and/or defined genetic defects – as well
as standardized tumour-, infection- and allergy-models to
analyse the impact of ongoing disease on the cell-physio-
logical parameters of immunity. 
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One third of all deaths occurring each year worldwide are directly caused by infectious agents. Microorganisms

are also responsible for at least 15 % of new cancers and are involved in the pathogenesis of chronic non-

infectious diseases. The treatment of infected patients is rendered difficult by the emergence of multi-drug

resistance. Thus, there is an urgent need to develop new tools to prevent and treat infectious diseases. The

development of these tools is the main aim of this topic.

The anti-infective discovery project focuses on the identification of active compounds obtained from microbial

sources. Complementary strategies based on combinatorial chemical synthesis are employed to search for small

molecules with anti-infective activity. A novel steroid-like metabolite was isolated from Sorangium cellulosum

with selective activity against mycobacteria. Epothilone B-amine, first synthesized at the GBF, is being tested in

clinical trials as anticancer agent. 

In the antigen delivery systems and vaccines project, tools for immune intervention are being researched and

subsequently developed to create vaccines against specific diseases. Since most infectious agents have to pass

through or are restricted to the mucosae, the development of mucosal vaccination procedures constitutes a

priority. A synthetic derivative of the Mycoplasma-derived, macrophage-activating lipopeptide, MALP-2, was

found to be a potent mucosal adjuvant. Novel, attenuated Salmonella strains were identified, which exhibited

an adequate safety and immunogenicity profile as vaccine carriers. 

TOPIC SPEAKER | Priv.-Doz. Dr. Dr. Carlos A. Guzmán   |   Research Group Vaccine Research

Topic 04 – Prevention and Therapy

Preparation of samples for gas chromatographic analysis
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Complementary to the more classical approach of dis-
covering new active substances, our group is pursuing 
an alternative, empirical search programme, utilizing 
simultaneous and parallel chemical synthesis. The 
combinatorial synthesis and screening technologies for
peptide and small molecule libraries that have been 
developed will continue to be applied in the systematic
analysis of protein-protein interactions and their selective
inhibition. This will be further advanced and extended 
in the search for new compounds with antibiotic, chemo-
therapeutic and immunomodulatory activities.

Inhibitors of the cellular invasivity   Streptococcus 
pyogenes, a member of the Group A Streptococci (GAS), 
is known to evade the immune system and the effects 
of drugs by internalization into epithelial cells. A project,
started in collaboration with the GBF Department 
of Microbial Pathogenicity and Vaccine Research, aimed 
at interfering with this pathogenic mechanism. Peptides
with defined sequences and peptide libraries were 
generated and utilized in a specially adapted microtiter
plate based assay. The screen was used to investigate the
binding of non-pathogenic S. gordonii to fibronectin, a
key step in the invasion process. The high throughput
assay allows parallel evaluation of hundreds or thousands
of different compounds for their inhibitory potency.
Short peptide candidates were identified that will serve 
as starting points for the develop-ment of more specific
and in vivo applicable structures.

PROJECT LEADER | Dr. Ronald Frank   |   Research Group Molecular Recognition
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04.1 Synthetic Combinatorial Molecular Repertoires 

Inhibition of the binding of Streptococci to

labelled fibronectin by synthetic peptides

and by competitive unlabelled fibronectin.

The peptide sequences are derived from the

bacterial fibronectin binding protein SfbI.

Synthetic MALP-2 – a promising adjuvant for nasal
vaccination   Most pathogenic organisms attack the
human body via the mucosa. An early immune defense
within this tissue would be the most effective protection.
The Mycoplasma-derived macrophage-activating lipo-
peptide MALP-2, discovered at the GBF, represents a 
promissing adjuvant to stimulate the immune response
to externally administered antigens in the mucosa. The
chemical synthesis of this compound allowed a detailed
structure-activity study: We successfully demonstrated a
strong mucosal immune-stimulatory activity of synthetic
MALP-2 in mice. The research group will now design and
produce analogues of MALP-2 with optimised properties.
These adjuvants will have good chances of being applied
in human medicine.

The “Drug Discovery” Machine   The company Evotec
OAI AG is coordinating a joint project within the BMBF
programme “Diagnosis and Therapy with the Help 
of Molecular Medicine”. In the context of this project 
a special combinatorial synthesis programme was 
developed and adapted to a miniaturised high-through-
put screening technology. By selective mild degradation
of 14 natural products from GBF’s Natural Product
Collection, 34 unique new building blocks were obtained.
These were incorporated into novel compounds by solid
phase synthesis utilising SPOT-synthesis technology. 
Suitable high-through-put logistics was established and
more than 55,000 compounds could be provided.
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The search for novel natural products with biological
activity against bacterial, fungal and mammalian cells
was continued, based on the existing collection of 
myxobacteria and around 100 newly isolated strains. 
An increasingly important group of compounds from
these organisms is the tubulin inhibitors: epothilone,
tubulysin and disorazol. Their mechanism of action as
anticancer agents was further investigated in greater
detail. Preclinical development was pursued in collabo-
ration with different industrial partners, while phase II
clinical trials of the semisynthetic epothilone B-lactame
was successfully completed by Bristol-Myers Squibb.

New Production Organisms   The isolation of myxo-
bacteria from soil samples is well established nowadays,
and strain collections of myxobacteria are available world-
wide. Now, unexpectedly, unconventional isolation and
cultivation conditions yielded new groups of myxobac-
teria with hitherto unknown physiologies. From habitats
with increased salt concentration, numerous halotolerant
and several halophiles, requiring 2 % sodium chloride 
for optimal growth, were isolated. The latter represent a
new genus of myxobacteria, according to 16S r-DNA
sequencing. Also, pH tolerant strains, growing at around
pH 5 and 9, were found, and for the first time mesother-
mophiles were isolated, requiring 42 – 43° C for optimal
growth. With generation times of 2 – 3 hours, these
strains may be ideal hosts for the expression of bio-
synthesis genes.

PROJECT LEADER | Prof. Dr. Gerhard Höfle   |   Department of Natural Product Biology
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Slag heaps from a potassium salt mine near Königslutter

(Lower Saxony); non-marine salt-containing biotopes as

source for halophilic bacteria. 

Swarm colony of a halophilic myxobacterium isolated from

a soil sample taken at the foot of the slag heap.

04.2 Biology of Microbial Bioactive Compounds
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In the period covered by this report, 7 novel groups of
metabolites were isolated from myxobacteria, acting 
predominantly on Gram-negative and Gram-positive 
bacteria. Preliminary structures were obtained for bysso-
chloren, a complex chlorine-containing polyketide, and a
steroid-like antibiotic acting selectively on mycobacteria.

Cyrmenin   In screening for antifungal compounds, a
Cystobacter armeniaca- and an Archangium gephyra-strain
were found to produce a novel group of unsaturated 
N-acyl dipeptides, named cyrmenins. According to 
spectroscopic data and X-ray analysis of a synthetic model
compound, the cyrmenins are (Z)-β-methoxy-acrylates

linked in α-position by a nitrogen atom to the rest of 
the molecule. Thus, these compounds may be considered
as aza-analogs of strobilurin, a class of compounds which
has been used to develop commercially successful 
fungicides for plant protection in recent years. Judging 
by their different biosynthetic origins – polyketide versus

peptide – the cyrmenins are an independent invention 
of myxobacteria. The antifungal activity of cyrmenin and
its inhibition of electron transport at the cytochrome 
bc1 complex of the respiratory chain were found to be 
in the same range as for strobilurin.

Semisynthesis   By oxidative and hydrolytic degradation
of complex natural products, a library of chiral building
blocks for combinatorial synthesis was prepared. As an
alternative and for the first time, olefin cross-metathesis
was also applied to the degradation of olefinic natural
products. To exemplify this, the C12,C13 double bond 
of epothilone C was cleaved in the presence of ethylene
and Grubbs’ metathesis catalyst. After replacement of 
the thiazole side-chain with a synthetic building block
carrying a triple bond, the macrocycle was closed again
by olefin metathesis. By this route, the C16,C17-alkyne 
analogs of epothilone A and C were obtained in 6 and 5
steps, respectively.

PROJECT LEADER | Prof. Dr. Gerhard Höfle   |   Department of Natural Product Chemistry
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X-ray crystal structure of 

a synthetic cyrmenin 

model compound exhibiting

the characteristic twisted 

conformation of the 

(Z)-β-methoxy acrylate

pharmacophore required 

for antifungal activity.

04.3 Chemistry of Microbial Bioactive Compounds
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Vaccination is the most cost-effective strategy for the pro-
phylaxis of infectious disease and is now also becoming 
a powerful tool in the prevention and treatment of a 
broader range of diseases. The main aims of this project
are the development and validation of tools and strategies
for the delivery of antigens or DNA vaccine constructs, 
as well as their subsequent development to vaccine 
candidates against specific diseases. The optimization 
of immunogenicity in antigens delivered by the mucosal
route constitutes a priority, since mucosal vaccination
allows us to trigger an immune response at the site where
the first line of defense against infections is laid. 

MALP-2 as mucosal adjuvant   The potential as an
adjuvant of a synthetic derivative, S-[2,3-bispalmitoyloxy-
propyl] cysteinyl-GNNDESNISFKEK, of the Mycoplasma-
derived macrophage-activating lipopeptide, MALP-2, was
evaluated. The studies demonstrated that MALP-2 is a
potent adjuvant when co-administered with a soluble
antigen by the intranasal and parenteral routes. Up to
3500-fold enhanced antigen-specific serum IgG titers and
cellular responses were observed after vaccination. The
mucosal immune system was also efficiently stimulated
after nasal vaccination (36 and 23 % of antigen-specific
IgA in lung and vaginal lavages, respectively). Functional
studies showed that there is a recruitment of antigen 
presenting cells with increased expression of MHC-class I
and co-stimulatory molecules in the nasal associated 
lymphoid tissues from MALP-2-treated mice.

Stimulation of long-lasting protection against
Streptococcus pyogenes Protective immunity against
S. pyogenes can be induced by intranasal vaccination with
the fibronectin-binding domain of the SfbI protein, the
H12 fragment, co-administered with the B subunit 
of the cholera toxin (CTB) as mucosal adjuvant. However,
intranasal administration of A-B moiety bacterial toxins

or their derivatives has been associated with potentially
severe side effects. Since the SfbI protein exhibits adju-
vant properties, we investigated whether vaccination 
with the H12 fragment alone is sufficient to promote
long-lasting protection. The results demonstrated that
immunized mice are protected against challenge with 
a lethal dose of S. pyogenes, given 36 or 110 days after 
primary vaccination, to the same extent, regardless of 
CTB incorporation. The adjuvant properties exhibited 
by the fibronectin-binding domain of the SfbI protein
strengthen the potential of this antigen for inclusion 
in multi-component vaccines against S. pyogenes.

PROJECT LEADER | Priv.-Doz. Dr. Dr. Carlos A. Guzmán   |   Research Group Vaccine Research
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Dr. Carlos Guzman is analyzing an agar plate.

04.4 Antigen Delivery Systems and Vaccines

Photo: Bierstedt



70 SCIENTIFIC REPORTS |   Infection and Immunity |   Prevention and Therapy

For the development of cell-based therapeutic vaccines
against tumours and persistent infections, a dual strategy
is followed: On the one hand, developments for clinical
application are pursued, emphasizing regulatory issues
and the GMP-compatible production of cells and vectors.
On the other hand, cell culture and murine model
systems are employed to define relevant co-stimulatory
factors and cell interactions for future improvements.

Interaction between antigen presenting cells and
effector cells   For the functional characterization of
antigen presentation, immunological assays and imaging
techniques for lymphoid tissues were developed in co-
operation with Dr. Manfred Rohde (Department of Micro-
bial Pathogenicity and Vaccine Research). High-resolution
confocal microscopy was used to follow cell migration
and dynamic interaction in vivo and in vitro in murine
lymph nodes and spleens. In cooperation with other 
GBF research units, the influence of infection and genetic
modification on cell interactions in lymphoid organs was
analysed.

Adenoviral modifications and cellular functions
Adenoviral vectors encoding tumour associated antigens,
immunomodulatory molecules and reporter genes were
constructed for efficient transfer and controlled, coordi-
nated expression of multiple genes in primary cells. In
general, cellular functions other than the desired ones are
not affected by adenoviral gene transfer. Infection with
the replication deficient adenoviral vectors did not greatly
alter cellular physiology, as shown by analysis of post-
translational modification, cell surface markers and DNA
array data.

From murine model to clinical applications   The
structural and functional properties of modified cells –
especially antigen-presenting cells like dendritic cells and
macrophages - and the influence of immunomodulatory
genes were monitored in murine model systems and ex
vivo with human cells. In cooperation with a research
group at the SIV/Albert Sakzewdi Virus Research Centre,
Brisbane, Australia, enhancement of an HPV-E7 specific
immune response after vaccination with adenovirally
modified DC expressing E7 and co-stimulatory molecules
was demonstrated.

In a transplantable tumour model with inducible IRF1,
activation leads to the induction of a protective, tumour-
specific immune response. In order to investigate the 
ability of IRF-1 to induce specific immune responses in
other tumour systems, an adenoviral vector expressing
IRF1 was established. Tumour cells infected with IRF1
expressing adenoviruses show the same phenotype as
cells stably expressing IRF1-inhibition of cell proliferation,
increased MHC class I expression and IFN-β secretion.

For the production of clinical grade adenoviral vectors 
by the GBF S2/GMP unit, standard operating procedures
and validation data were acquired. Prerequisites for the
production of genetically modified dendritic cell for vacci-
nation were established. In cooperation with industrial
and clinical partners, standard protocols for the prepara-
tion of dendritic cells from leukapheresis samples were
developed.

PROJECT LEADER | Dr. Werner Lindenmaier   |   Department of Gene Regulation and Differentiation
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Migration of living cells in murine lymph nodes 

Confocal laser scanning microscopy was used to take serial

images. Emigrating (*) and immigrating (➤) lymphocytes

and makrophages (•) are marked. Cell nuclei, cytoplasm

and reticular fibers are stained in blue, red and green, 

respectively.

04.5 Therapeutic Cellular Vaccines
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Programme “Comparative Genome Research”

Pathogenesis depends on genotype and phenotype - conditions, including inherited genetic defects or

dispositions and factors such as age, lifestyle, host-pathogen interactions and environmental stress. The

comparative analysis of genome information is an essential element in studying genotype - phenotype

relationships for both prognostic and diagnostic aspects in health care. In addition, the role of individual

genes within the cell and their interactions in cell complexes and networks (i.e. tissues), as well as their

translational and post-translational regulation, still remain to be elucidated. Comparative genome 

research can combine model-driven experimental approaches with information-driven computational and

theory-based data interpretation. Thus, this research programme combines the experimental functional

characterization of genomes with comprehensive genome-based bioinformatics.

PROGRAMME SPEAKER | Dr. Helmut Blöcker   |   Department of Genome Analysis

Carola Berg prepares 96 samples for the simultaneous 

analysis of their DNA sequence in a capillary sequencer.

Three complementary systematic approaches for the 

functional genome analysis.
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The goal of this project is to carry out genotype-driven
genome research and to support phenotype-driven 
genome research. The former usually starts off with global
analyses of long stretches of genomic DNA, or even of 
entire genomes, involves the application of various bio-
informatics tools, and finally results in laboratory experi-
ments used to test or develop hypotheses. All three stages
– sequence analysis, bioinformatics and laboratory experi-
ments – have been realised, either in the frame of this
project or in collaboration with other projects. 

Sequence analysis projects   The GBF houses an active
genome laboratory which covers all necessary steps of
sequence analysis, from the generation of BAC libraries
down to in-depth analysis using bioinformatics, and has
been involved in a number of successful international
collaborations. Currently, up to about 6,000 clones can 
be analysed per day. Annual capacity is now well above 
10 megabases, which can be studied in detail using bio-
informatics. Furthermore, a number of genes are selected
from those which have been newly analysed here and are
submitted to gene expression experiments, either in cell-
free systems or in E. coli. Isolated proteins are then further
analysed for various functional aspects.

Following completion of the EU-projects relating to 
Listeria and Arabidopsis thaliana, the group is continuing 
to make a major contribution to the German Human
Genome Project. So far, more than 8 Mb of chromosomes
21 and 9 have been sequenced and annotated. The out-
standing result of this activity was the publication of the
sequence of human chromosome 21 and its bioinfor-
matical analysis, completion of the working draft phase 
of the human genome project and the presentation of the
entire human genome sequence in finished quality. In
addition, our research group analysed about 3 Mb of new
human full-length coding cDNAs from various organ- and
development-specific libraries. Recently, we successfully
finished the shotgun phase of analysis of several complete
bacterial genomes. Moreover, within the framework of the
German National Genome Research Programme (NGFN),
we have analysed selected regions of the rat genome and
chimp chromosome 22. 

New technology   To support the performance of the lab,
the group has ongoing activities in technology develop-
ment: The robotic environment for DNA preparation and

subsequent automatic sequencing has been substantially
enhanced, mainly thanks to in-house developments. A
complete, colour-based software environment for image
analysis was developed, based on the principles of signal
theory, and capable of analyzing complex, even disturbed,
images and identifying various classes of objects, more
exactly than currently feasable. Based again on signal
theory, we have developed an entirely novel form of bio-
informatics technology for the analysis of information-
carrying biomolecules. The advantages: analysis is based
on physico-chemical properties rather than on letter 
code similarities or letter code frequencies and, hence,
may shed “new light on old problems”. It is possible to
combine simple questions to complex, multidimensional
questions, virtually without any speed loss. It runs on
low-cost hardware – such as simple, Intel-based compu-
ters. We are determined to develop the technology further
and apply it to the comparative analysis of proteins and
DNA, to pattern recognition in complex images, and to
the modeling of infection processes in near real-time.

01 Generation and Exploitation of Genomic 

and cDNA Sequence Data
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The Research Group Bioinformatics has focussed on the
development of computer-aided methods for modelling
regulatory networks through the integration of signal 
transduction and gene regulatory processes.

DHGP2-Project   In the course of the BMBF-funded 
German Human Genome Project (DHGP2), new methods
for the formal description of signal transduction pathways
and regulatory networks were developed, as well as a 
computer system for modelling regulatory and metabolic
networks on distinct levels of biological organisation. 
This PheGe (phenotype-genotype) system is designed to
provide a platform for linking genotypes with molecular
and clinical phenotypes. As a practical example, the 
collection of data on the genetic and molecular basis of
diabetes type II (MODY) and its clinical appearance was
chosen – together with our collaborators at the Universities
of Magdeburg, Köln and Tübingen/Reutlingen and at the
GSF in Neuherberg 

Promoter analysis  In the context of the BMBF initiative,
Intergenomics, we contributed to the elaboration and refine-
ment of methods of analysis, using bioinformatics, of gene
promoters involved in immune reactions against infection
with Pseudomonas aeruginosa. For this, a procedure was
developed which can help clarify the biological context 
of gene expression data obtained from microarray 
experiments. 

Dr. E. Wingender has taken a C4-Professorship 

for Bioinformatics at the Georg-August-University Göttingen 

Medizinische Fakultät, Abt. Bioinformatik

Georg-August-Universität Göttingen
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37077 Göttingen, Germany
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Development of databases   The systematic annotation
of known regulatory elements in the yeast genome and
the transcription factors that interact with them were inve-
stigated in the context of the EU-funded Comprehensive
Yeast Genome Database (CYGD) project. From this work,
an independent and publicly accessible database arose,
the structure of which was adopted from the well-known
database TRANSFAC. This new information resource is
called TSM, TRANSFAC Saccharomyces Module. It can be
accessed on the Internet at http://transfac.gbf.de/home-
page/databases/tsm/index.html. Within the framework 
of the BMBF-funded Helmholtz Network for Bioinfor-
matics (HNB), other database projects have also been 
carried through, including S/MARt DB, a database for
scaffold/matrix attached regions of eukaryotic genomes,
and ReAlSplice, a database for regulated alternative splice
sites and the splice factors acting on them.

Moreover, our Research Group is responsible for the 
central WWW services of the HNB. In this context the
usual, tool-oriented bioinformatics service was comple-
mented by a user-friendly task- and problem-oriented
approach to bioinformatics applications. 

In collaboration with other partners, a number of “task
cascades”, which guide the user through a series of pro-
grammes, were defined. They run on various servers of 
the participating institutes and produce an integrated 
output of results.
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02 Modelling of Regulatory Pathways
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Random and directed mutagenesis, as well as mRNA in-
activation by antisense or RNAi methods, are the classical
experimental approaches of forward and reverse genetics
for disturbing the function of genes in the analysis of
their phenotypic expression. In the last few years, an
attractive and complementary new approach has been
developed, utilizing synthetic chemical compounds to act
directly on gene products – mostly proteins – through the
binding of activating or inhibiting ligands. When based
on diverse and competent compound repertoires, such a
strategy of chemical interference is as globally genomic
and systematic an approach as the mutant or
antisense/RNAi screening of molecular genetics.

Chemical interference   The concept of chemical inter-
ference in functional genomics implies that a selective
ligand can be identified for almost every gene product, 
or, more precisely, for every functional binding site they
possess. The feasibility of the concept rests on the success
of combinatorial synthesis and screening methods that
have delivered high affinity ligands for many complex
biological targets by empirically searching through vast
chemical compound collections. Combinatorial chemistry
and functional genomics are thus brought together to
help develop new experimental approaches.

Brain specific protein-protein interactions   Within
the framework of a joint project funded by the BMBF, new
biochip technologies for functional proteome analysis 
are being developed and applied to investigate the human
brain. The aim is to establish an automated process for
the genome-wide mapping of interactions between 
protein domains and synthetic peptide ligands which is
entirely based on miniaturized high-throughput methods.
A cDNA expression library, made from brain mRNA and
cloned into a protein-presenting bacteriophage, provides
the protein domains. Peptide ligands are chemically 
synthesized as arrays of 103 to 106 elements on membrane
supports. Following multiplexed affinity enrichment,
peptide-specific phages are eluted from the array, ampli-
fied and identified by DNA microarray hybridization. 
We expect to obtain a large net of data for brain specific
protein-protein interactions and potential targets for 
pharmaceutical drug development.

Combinatorial chemical libraries, based on the privileged
scaffolds of natural products, are also being developed.
Such libraries are intended for internal screening projects
but, are also made available to external partners from the
disease-oriented genome networks in the NGFN. Thus,
initiated by the GBF, we operate a central chemical syn-
thesis unit for a NGFN Chemical Genomics platform.

PROJECT LEADER | Dr. Ronald Frank   |   Research Group Molecular Recognition
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Process for the genome-wide mapping of protein-peptide

interactions.

03 Ligand-based Target Discovery 
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Essentially all biological processes are based on specific
binding events, which are initiated by molecular 
recognition between biomacromolecules, such as proteins
– receptors, antibodies, enzymes – and their ligands –
antigens, hormones and substrates. The systematic study
of molecular recognition phenomena on the molecular
level is therefore an important element in the structural
understanding of these binding events. The design and
generation of synthetic molecules capable of mimicking
defined binding and functional sites of natural proteins,
represents a promising strategy for the exploration and
understanding of protein structure and function. In 
addition to their basic significance for our understanding
and control of protein-ligand interactions, such synthetic
proteinmimetics are also useful tools for a range of bio-
medical applications.

Biomimetic synthesis   The binding sites of numerous
biomedically relevant proteins are generally not located in
continuous, consecutive stretches of the amino acid
sequence, but rather, in parts of the protein that are widely
separated in the amino acid sequence, but brought into
spatial proximity by protein folding. The overall objective
of this research is to develop and implement a general 
concept for the synthetic mimicry of such sequentially
discontinuous protein binding sites. Such molecules are
devised either through “rational design”, based on the
known structure of the binding site, or through the 
screening of specifically designed combinatorial libraries
of scaffolded peptides, in which peptide fragments are
presented through a molecular scaffold in a nonlinear
and discontinuous fashion. 

The repertoire of synthetic methods developed so far 
enables the synthesis of structurally diverse scaffold mole-
cules with varying degrees of conformational flexibility.
The scaffolds are cyclic peptides with ring sizes ranging
from 13 to 33 atoms, which were obtained by incorpora-
ting spacer amino acids with varying backbone length.
Orthogonally protected amino groups serve as site-
selective, addressable attachment points for up to three
different peptide fragments. 

The current targets are protein-ligand interactions whose
structures and binding specificities are well understood,
which includes the discontinuous binding site of the
EVH1 domain of Mena for proline-rich peptide ligands,
the interaction of the bacterial surface protein internalin
A with the host cell receptor E-cadherin, the interaction 
of viral interleukin-6 with the receptor gp130, as well as
the discontinuous binding site of the viral envelope 
protein gp120 for the CD4-receptor on T cells.

PROJECT LEADER | Dr. Jutta Eichler   |   Research Group Conformational Protein-Ligand Interactions
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04 Conformational Protein-Ligand Interactions

Sequentially continuous (left) and discontinuous (right)

protein binding sites (amino acid residues contributing 

to the binding site are marked in red).

Cyclic peptides as scaffolds for

scaffolded peptides. Black: spacer

amino acids for the variation of

the ring size. Yellow: diamino

acids as site-selectively addressable

attachment points for peptide

fragments. Red, green, blue: 

Protein-derived peptide fragments

making up a discontinuous protein

binding site.
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Far-reaching similarities between human and bacterial
metabolism support the Darwinian hypothesis of a com-
mon evolutionary origin of all forms of life. Studies into
bacterial biochemistry thus commonly reveal a simplified
version of more complex human metabolic pathways.
Specific differences, however, often provide opportunities
to exploit bacterial vulnerabilities by developing specific
antibiotics with potentially minimal side effects for
human patients.

Tetrapyrroles, such as hemes, (bacterio-)chlorophylls and
vitamin B12, are essential constituents of all living cells.
They constitute vital cofactors for numerous enzymes and
participate in energy and electron transfer processes in
photosynthesis and respiration, as well as being involved
in transporting oxygen in the blood. The first common
precursor of all tetrapyrroles is porphobilinogen (PBG),
produced by porphobilinogen synthase (PBGS) through
the asymmetric condensation of two molecules of amino-
levulinic acid (ALA). Though ubiquitous, PBGSs from 
different groups of organisms vary significantly with 
respect to amino acid sequence and especially their metal
ion requirements.

In previous work we elucidated the high resolution crystal
structure of PBGS from Pseudomonas aeruginosa. However,
both this and additional crystal structures did not fully
clarify the enzymatic mechanism of PBGS. We have now
co-crystallized PBGS from Pseudomonas aeruginosa with 
the substrate-like inhibitor 5-fluorolevulinic acid. For 
the first time, this crystal structure reveals PBGS binding
to two substrate-like inhibitors, each of which occupies 
a specialized pocket at the active site. Each is bound 
covalently to a lysine residue through a Schiff base. One
of the inhibitors is forced into a largely planar confor-
mation. The overall arrangement of PBGS and the inhibi-
tors thus resembles a reaction intermediate, allowing the
reaction mechanism to be precisely formulated. A metal
ion, also bound at the active site, appears to have the 
function of aligning the cofactors correctly. To clarify the
metal dependency of PBGSs from different organisms 
further analyses are presently in progress. 

PROJECT LEADER | Prof. Dr. Dirk Heinz   |   Department of Structural Biology

PROJECT MEMBERS | Isabell Astner   |   Dr. Wolf-Dieter Schubert   |   Jörg Schulze

Crystal structure of a functional PBGS-dimer. Monomer 1:

blue, red and green, monomer 2: yellow. Two inhibitor

molecules (red and green ball-and-stick representation)

bound to two lysine residues through Schiff bases occupy the

active site.

05 Comparative Structural Analysis of Metabolic Pathways
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A gene-enzyme-reaction database was extensively revised
during this project. Based on this database and genome
information, the metabolic networks of 81 organisms were
reconstructed in silico. A physiologically more meaningful
definition of metabolic path length was developed to
characterize the hierarchical and functional organization
of metabolic networks. The average path lengths of the
networks were then calculated and compared for all the
organisms. In contrast to recent reports in literature, our
research group found that eukaryotes and archaea gene-
rally have longer metabolic path lengths than bacteria,
indicating quantitative differences in the structure and
evolution of metabolic networks. 

Fast reconstruction of metabolic pathways  A new
and fast method for in silico reconstruction of metabolic
networks directly from raw genome sequences was 
developed. Instead of using ORFs to query public data-
bases, entries from public DNA and protein databases 
are used as queries to search a local database for raw
genome sequences of an organism to identify ORF 
similar regions (ORF-SRs) that encode proteins. The 
well-annotated genome of Salmonella typhimurium LT2
was used as an example to demonstrate the applicability
of the method. 99 % of the reported 1050 ORFs were
identified as enzymes with an EC number and assigned
the same functions using the SWISS-PROT and TrEMBL
databases. Furthermore, two versions of raw genome
sequences with different genome coverage – 3.9-fold 
and 7.9-fold respectively – from the bacterium Klebsiella
pneumoniae were compared in order to identify OFR-SRs.
98.9 % of the ORF-SRs identified with the 7.9-fold 
genome sequences were also found with the 3.9-fold
genome sequences, suggesting that with our approach 
a 3.9-fold sequence coverage of the genome can be used 
for the in silico reconstruction of metabolic network, at
least with this organism. The new method permits 
accelerated genome-wide metabolic comparison of 
different organisms.

Modeling of metabolic and genetic networks   
In this subproject of the BMBF project ‘Intergenomics’,
mathematical models are being developed for the analysis
and simulation of metabolic and genetic networks in-
volved in the formation of virulence factors and stress 
responses related to Pseudomonas aeruginosa (PAO1). For
this purpose, P. aeruginosa was cultivated under defined
physiological conditions to generate the required data. We
found a possible new defense mechanism of this patho-
gen against reactive oxygen species. Mechanisms discussed
so far in the literature mainly include the production of
certain enzymes, such as catalase, and the formation of
biofilms. For the first time, we showed that this pathogen
can strongly reduce the transfer of oxygen from the gas 
to the liquid phase, thus causing oxygen-limitation in the
culture and blocking the O2 source for the formation of
reactive species. Under these conditions, P. aeruginosa
grows better and the formation of some virulence factors,
such as elastase, is strongly enhanced.

PROJECT LEADER | Priv.-Doz. Dr. An-Ping Zeng   |   Department of Genome Analysis 
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Reconstruction of metabolic networks from genome information. The

blue arrows show the conventional way by using annotated genome

sequences through ORF prediction. In a new approach (red) we

reversed the query process and simplified the annotation process by

just finding the enzyme-coding regions. 

06 Modelling and Analysis of Metabolic Networks
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Microorganisms are ubiquitous and, because they can tolerate environmental conditions far too extreme

for higher organisms, their habitats define the biosphere. Microbial activities profoundly influence both

global processes, e.g. the carbon cycle and global warming, and local ones, e.g. they cause disease in

plants and animals; provide essential nutrients for plants and animals. Microbes critically impact human

beings and their activities positively and negatively in a multitude of ways: some are responsible for 

the greater portion of human disease and mortality, whereas others provide us with antibiotics to treat

disease, and yet others play a critical role in cleansing our environment of organic wastes. Much of 

biotechnology is based on microbes and their products. Our ability to influence microbial activities, in 

order to obtain greater benefit from positive ones and to diminish the effects of negative ones, requires

an understanding of how microbes live and function in their habitats, and how their activities are 

regulated. 

Classical microbiology focuses on the study of pure cultures growing under laboratory conditions. 

However, microbes in nature grow as complex, diverse and dynamic communities, the members of 

which interact and share available resources in complex ways. It is these interactions, and interactions

with other biotic and abiotic components of their environment, that determine community activities. 

At present we have no general understanding of such interactions. 

The goals of the Environmental Biotechnology research programme are to understand microbial 

communities as functional units, to elucidate the critical interactions that regulate community activities,

to develop and validate interventions that result in substantive increases in activities of biotechnological

interest, and to discover new microbial products and metabolic activities by exploring microbial diversity.

A multi-scale (gene, organism, community; test tube, chemostat, natural habitat) and multi-disciplinary

(microbial ecology, physiology, phylogeny, biochemistry, analytical chemistry, genetics/genomics, bioin-

formatics, and modelling) approach characterises the research programme. Though the results obtained

will be generally applicable to most types of microbial community, our research focusses on microbial

communities that metabolise environmental pollutants, and an important goal of the programme is to

make key contributions to the sustainable development of our society. 

PROGRAMME SPEAKER | Prof. Dr. Kenneth N. Timmis   |   Department of Environmental Microbiology

Programme “Sustainable Use of Landscapes”



In collaboration with TIGR (USA), and QIAGEN, DKFZ
(Deutsches Krebsforschungsinstitut) and the MHH
(Medizinische Hochschule Hannover), the genome of 
the P. putida KT2440 safety strain has been sequenced,
anno-tated and its particular genome features analysed.
This investigation has revealed an unusually large number
of genes whose products are involved in transcription
regulation, transport, environmental signalling and 
catabolism. These findings are consistent with a highly
versatile metabolism and reflect the emphasis in P. putida
on powerful cellular mechanisms that enable it to thrive
in diverse environments and to compete successfully with
other organisms. 

Genomic comparisons between the saprophytic KT2440
strain and plant and animal pathogenic strains of Pseudo-
monas have shown that KT2440 lacks a spectrum of key
virulence determinants that mediate host damage, in-
cluding exotoxins, specific hydrolytic enzymes, type III
secretion systems and factors mediating hypersensitive
responses. Genetic determinants that are shared between
KT2440 and pathogenic strains of Pseudomonas suggest
that certain properties, may in fact only be important 
for effective colonization and survival on surfaces, and
not obligatorily related to pathogenesis. This genomic
analysis has thus confirmed the avirulence of KT2440,
provided a definitive genetic basis of the biosafety 
characteristics of this bacterium, and generated a database
upon which the environmental and biotechnological
behaviour of this strain can be interpreted.

79SCIENTIFIC REPORTS |   Sustainable Use of Landscapes

P. putida and P. aeruginosa – a comparison   In silico
metabolic models describing genotype-phenotype 
relationships for P. putida and P. aeruginosa have been 
derived on the basis their genome sequences, biochemical
knowledge and strain-specific information. A comparison
of the metabolic space of the central metabolism of these
bacteria shows that the number of elementary pathways
that represent the metabolic potential of P. aeruginosa
is 2 to 6 times higher than those for P. putida, although
the former has only two more reactions than the latter.
This reflects a higher flexibility of the central metabolism
of P. aeruginosa as compared to P. putida. This is clearly 
an emergent property of the system that could not be pre-
dicted solely on the basis of a linear comparison of gene
lists.

A proteome map of KT2440 has been constructed and its
proteome responses to several environmental signals, like
adhesion to surfaces, iron deprivation and water stress,
have been analysed. A large number of differentially
expressed proteins have been identified. A library of mini-
transposon mutants has been generated and used to test
hypotheses and predictions about the ecophysiological
behaviour of P. putida that emerge from in silico genome
analyses.

In the Genomic Network Bielefeld, the genomic sequence
of Alcanivorax borkumensis – a cosmopolitan oligotrophic
–is currently being determined, a mutant library genera-
ted, and its proteome analysed. Once annotation has
been completed, an in silico metabolic model similar to
that for the Pseudomonas strains discussed above will be
developed. Comparison with the P. putida genome – a
cosmopolitan copiotrop – will suggest key functions that
may account for the different lifestyles, and that can be
experimentally analysed.
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To study bacteria in the environment, culture independent

processes are used, as most of the bacteria cannot be 

cultivated in laboratory until now. Cloning of the whole

DNA of samples from the environment in mega genome

libraries allows to access also non-cultivatable bacteria 

biotechnological processes.

01 Functional Genomics and Niche Specificity
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02 Biofilm Communities in Environment and Health

A complex biofilm community originating from contami-
nated soil was cultivated on droplets of polychlorinated
biphenyls (PCB), from which various Burkholderia strains
were isolated. These isolates were capable of degrading
low-chlorinated PCB congeners, whereas the PCB-biofilm
community degraded tri- and tetra-chlorinated congeners
as well. To identify the organisms responsible for the 
degradation of specific PCB congeners in the biofilm,
13C-labelled congeners were introduced into the PCB
mixture in microcosm experiments. Incorporation of 13C
into the biomass was monitored using isotope ratio mass
spectrometry (IRMS). In order to distinguish different
members of the biofilm, taxa-specific compounds had 
to be identified. A procedure to isolate taxa-specific 
23S rRNA by binding it to specific probes was developed,
however 23S rRNA proved to be a target molecule with a
very slow rate of isotope incorporation. The fatty acids of
phospholipids from the same experiment were analysed
and found to have good rates of 13C incorporation. The
fatty acids labelled by 13C incorporation from a trichlori-
nated congener were the same molecules found in the
Burkholderia isolates, thus demonstrating that Burkholderia
species are the degraders of this congener. Using stable
isotope tracers, it could be shown that the multi-species
biofilm is able to degrade compounds which are not
attacked by its isolated members. To get a broader insight
into the metabolic potential of the biofilm community,
the metagenome of the PCB-biofilm was cloned and 
is currently being analysed in the project Functional
Genomics.

Stent biofilms   A recurrent problem with bilary stents,
after their implantation, is the growth of bacteria, which
form thick biofilms, finally blocking them and causing
severe problems for the patient. Stents from different 
patients in Braunschweig were collected and the micro-
bial biofilm community compared with stents obtained
from Kiel and Italy. The different microbial communi-
ties showed bacteria common to all stents, with small
variations in other community members. Stents from the
same region possessed biofilm communities more closely
related than to those from other regions. Biofilms grown
from stent biofilms in microcosm experiments revealed 
a pronounced succession of colonizers. The initial colo-
nizer was always Pseudomonas aeruginosa, which has also
been found in all stent biofilms so far analysed. The
results point to the bilary fluid as one of the main factors
shaping the microbial community. 

Biofilm grown on PCB micro-droplets. 

Bacteria stained green are alive, those in

yellow are damaged and the few in red are

dead. Note the different types of bacteria

(e.g. the cluster in the centre).
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Model of Tetrachlorobenzene dioxygenase indicating the

influence of mutations in positions 272 and specifically 366

on the shape of the substrate binding pocket. 
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03 Metabolic Diversity

Mikroorganisms are characterized by their broad meta-
bolic capabilities and their flexibility in adaptating to
new environmental conditions. Microbial metabolism
comprises a net of interactions between microbial 
community members, with most of them not being 
cultivable using methods currently available. For the 
characterisation of metabolic networks, a detailed under-
standing of metabolism in pure cultures and model 
communities is necessary, as well as the availability of
culture-independent methods for analysing complex
microbial systems. 

Our work has concentrated on the network involving the
metabolism of hydrophobic aromatics. In order to study
the structure-function relationship of ring activating
dioxygenases, key enzymes initiating the degradation of
various pollutants, genes from novel bacterial isolates
have been analyzed, hybrid genes produced, and also
site-directed mutants generated. Site-directed mutants
with new regio-selectivity for the initial attack on chloro-
toluenes and polychlorinated biphenyls were obtained.
Sequence comparisons permitted the identification of
sub-regions critical for the interaction between substrate
and active site. 

Enzyme activities in balance   Pseudomonas MT1 
originates from a chlorosalicylate degrading community,
where complex metabolic interactions make the mixed
culture more efficient at degradation than single members.
The metabolism of chlorosalicylate by MT1 was previously
assumed to involve protoanemonin, a highly toxic 
substance, as an intermediate. The group was able to 
elucidate the metabolism and characterize how proto-
anemonin formation is prevented. Such prevention
necessitates the close collaboration between two key
enzymes, one of which acts on an unstable intermediate
formed by the other. Evidently, chloroaromatic degra-
dation necessitates a well-balanced network of enzyme
activities, obviously recruited from various pathways for
aromatic degradation, which only occasionally occur in
one and the same organism. Even MT1 excretes metabolic
end-products, such that degradation evidently will be 
better managed by complex microbial communities.

Chloroaromatics from various environments   
The potential for the degradation of chloroaromatics 
in various environments was assessed by community
structure profiling and characterization of catabolic 
gene abundance using PCR-amplification employing 
primers specific to three classes of key catabolic genes.
Community structure profiling during biostimulation
showed different communities arising. However, all 
stimulated cultures were dominated by organisms exhi-
biting chlorocatechol 1,2-dioxygenase activity. This was
verified by genetic means and by a new metabolic test 
for the whole community. 

Thus, assessment of community function necessitates 
functional gene profiling rather than community structure
validation. Both, Pseudomonads isolated directly from
samples, and Acidovorax strains isolated after stimulation,
showed a positive amplification reaction with the chloro-
benzene dioxygenase and chlorocatechol 1,2-dioxygenase
specific primers. This indicated the presence of a classical
chlorobenzene metabolic pathway in these isolates,
which also seemed to be responsible for degradation
under environmental conditions.
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Extreme locations like these hot springs on the Chilenean

Altiplano are habitats for unusual bacteria. Here, unknown

bacteria can be found, from which new active compounds

may be isolated.

Photo: Prof. Chong, Universidad Católica de Norte, Antofagasta, Chile,
and Abraham, GBF
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04 Natural Products

While, on the one hand, the resistance of pathogens
against commercial drugs is still increasing, on the 
other, the diversity of micro-organisms is enormous and
still only a very tiny fraction of environmental isolates
has been screened for their production of bioactive 
compounds. To exploit this huge amount of untapped
microbial biodiversity, novel environmental isolates are
screened in this project for their production of bioactive
compounds, in order to find new drugs with new 
mechanisms of action.

A new metabolite from 140 extracts   During the 
first phase of the study, 140 extracts with biological
activity were selected for characterization. Of these, 78
exhibited antibacterial and antifungal activities, and 27
showed cytotoxic activity towards human cells. A number
of the isolates did not consistently produce bioactive
compounds after sub-cultivation, so efforts were made 
to define cultivation conditions that favour production 
of the compound initially produced. Bioactive principles
were purified and analysed by HPLC-UV-MS, and their
spectra compared with those of known structure (and
available as data bases), in order to identify known 
compounds. 55 substances were identified as known 
variants of Actinomycin, Amicoumacin, Bacillaene, 
Bacyllomycin, Bogorol, Difficidin, Fungichromin, Filipin,
Moenomycin and Quinolones in extracts showing anti-
bacterial and antifungal activities. Several antibacterial
peptides are currently being characterized. A potentially
new metabolite that belongs to the group of macrolactins
is also currently being characterized. Recognized known
compounds that demonstrate new activities, particularly
against vancomycin-resistant Enterococci and Pseudomonas
aeruginosa and Burkholderia cepacia, require additional 
studies to re-evaluate their structures and to assess their
utility.

New herbicidal and insecticide substances   
Chlorophyll fluorescence analysis of plant growth in 
the presence of the extracts identified six herbicidal 
substances, which are currently being characterized. 
100 extracts were also tested against Anopheles albimanus,
a mosquito vector of human diseases, Spodoptera frugi-
perda and Tenebrio molitor, two agronomically relevant
pest insects and Musca domestica, a biological vector for

several infectious diseases. Twenty of the tested extracts
showed larvicidal activity against Anopheles albimanus
and eight showed insecticidal activity against Musca 
domestica. 

To evaluate the possibility of using C. elegans as a test
system to identify and characterize new compounds, 
20 extracts selected from the primary screening were
tested for activity against this nematode. Five of the
extracts killed the worm and will be further characterized. 

An important aim of the project is to identify substances
that have different mechanisms of action from those of
drugs currently in use. We will thus set up screens to
identify compounds that are able to inhibit critical steps
of the pathogenesis process, such as bacterial attachment 
and/or microbial capacity to produce biofilms, which
may provide important alternative chemotherapeutic 
strategies.
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Technological Platforms

A number of platform technologies essential for the research carried out at the GBF are made 

available to the scientific projects as centralised facilities. In the context of national and international

research programmes, these platforms provide services not only to internal projects, but also to scientific

collaborators from other Helmholtz research centres, from German universities and from other public

research institutes, as well as from industry. Below, some of the most important platforms are described

in detail.

Our internal synthesis service also uses processes that have been developed in the GBF. Here, Dr. Norbert Zander

evaluates the quality of an injection-moulded polypropylene compact disc, which will be used as carrier for the

preparation of peptide arrays.

Photo: Bierstedt
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The purpose of the Central Animal Facility is to care for
and provide research animals – principally mice – for the
scientists at the GBF and monitor compliance to the 
guidelines of the federal Animal Welfare Act. In addition
to caring for breeding colonies, both under specific
pathogen-free (SPF) conditions and in quarantine, our
activities include performing back crosses and experimen-
tal breedings to create new mouse lines, rederivation of
strains by embryo transfer, archiving strains by embryo
cryopreservation, maintenance of nuclear breeding 
colonies, and breeding and provision of donor animals
and pseudopregnant females for the generation of new
genetically-modified mouse lines by blastocyst injection
of ES-cells.

Services  In 2002, cage occupation in the facility 
approximately doubled to almost 2000 by the end of 
the year. Currently, over 100 different mouse lines are
housed in the facility. Besides providing standard animal
care, the animal technicians carry out all experimental
breedings, with attendant data base administration, and
perform a number of services, including biopsies, blood
sampling, immunisations and other manipulations.
During the course of the year, the basic techniques for
manipulating the mouse embryo have been successfully
established in the facility. Since September, several 
mouse lines have been rederived, and since November
several lines were archived by embryo cryopreservation.
In August, a training programme for laboratory animal 
technicians was established.

Expansion of the infection platform   The animal
facility also supervised planning and remodelling of the
annex of Building D to a dedicated animal care unit for
infection experiments of safety level 2. The unit went 
into service in September 2003, thus providing sufficient
space for the implementation of the infection challenge
platform.

HEAD | Dr. David Monner   |   Central Animal Facility

SCIENTIFIC COLLABORATOR | Dr. Werner Müller   

01 Central Animal Facility

Moving and controlling of mice
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The basic methodology for the serial production of 
Affymetrix Arrays does not only allow large-scale parallel
analysis of the expression of thousands of genes, but 
also – thanks to their reproducibility – the comparison 
of experiments performed at different times. It is possible
to investigate up to 40,000 genes with respect to their
expression from the human, mouse and rat genome.
Customers of the GBF Array Facility – GBF reseach groups,
universities, hospitals and other research facilities – have
approximately 500 genes of human or murine origin at
their disposal, to verify array data by real-time PCR. In this
context, the GBF Array facility also provides a service to
identify new oligo-primers for genes which are currently
not available.

Bioinformatics support   The increasingly complex
structure of experiments requires software and algorithms
capable of analysing the large amount of data produced.
Thus, a complete series of “cluster software” is being
used, allowing us to find groups of regulated genes which 
correspond, for example, to a certain signal pathway. For
this, it is also important to consider the so-called GO
(gene ontology) annotations, which allow classification
of the regulated genes according to function and sub-
cellular localisation. In order to clarify signal paths and
functional correlations, software is used which displays
expression data graphically at the protein level. 

† Dr. Lauber died in May, 2003. He was a highly 
recognized scientist who established the Expression 
Array Facility.

An Access database was programmed and built which 
not only allows access to all data produced in the Array
Facility, but which also starts the corresponding software
along with the respective data. Furthermore, a process 
can be initiated that automatically compiles experimental
data according to the MIAME format (Minimal Informa-
tion About Microarray Experiments).

Research themes  The research themes of the individual
arrays varies, according to customers and cooperation
partners, covering various topics of biology and medicine.
Most of the work concerns experiments related to host-
pathogen interaction and the host immune response.

In the area of host-pathogen interactions, diverse patho-
gens, such as EHEC, Mycobacteria, Salmonella, Chlamydia,
Yersenia or Lysteria, were cultivated in vitro in different 
cell lines, which correspond to the different target tissues
of the pathogen. In addition, model organisms – mice 
in this case – were infected with bacterial pathogens, and,
subsequently, different tissues analysed.

In the area of immunology, T cells with regulatory 
properties were investigated, including CD4+CD25+,
CD4+CD45low or anergic cells, from different transgenic
mouse models. These regulatory cells are important for
autoimmunity, but also for the regulation of the immune
response in the case of an infection. Different cell types
of the immune system were isolated by cell sorting and
their expression patterns compared, in order to find genes
implicated in regulatory cascades. In this way, a series 
of genes were found which affect the regulatory pro-
gramme. Currently, several of these genes are being 
investigated in more detail in overexpression and 
“knockout” experiments.

HEAD | Dr. Jörg Lauber †, Dr. Robert Geffers   |   Research Group Mucosal Immunity

02 Gene Expression Analysis 

Read-out of an Affymetrix

array which contains about

400,000 oligonucleotides

synthesized on a glass 

surface
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This platform is a facility for determining the three-
dimensional structure of all types of natural products and
is equipped to carry out mass spectrometry (MS), nuclear
magnetic resonance spectroscopy (NMR), X-ray crystallo-
graphy, protein sequencing, electron microscopy and con-
focal laser microscopy. For the majority of low-molecular
natural products, the total structure is elucidated in a 
routine manner using a combination of MS and NMR
spectroscopy. 

The direct analysis of large, intact biomolecules, such 
as proteins, oligonucleotides and complex carbohydrates
is routinely carried out using MALDI- and ESI-MS. Mass
spectrometry has the important advantage of providing
information about very small amounts of compound.
The secondary and tertiary structure of peptides and pro-
teins can be elucidated in solution, when appropriately
labelled material – 15N and 13C – is available, through
the application of multidimensional NMR spectroscopy.
Emphasis in the macromolecular field has been placed
on MS-elucidation of glycoproteins, in particular the 
characterisation of oligosaccharides using MALDI and
ESI-MS/MS techniques and hydrolytic micro-derivatisation
methods. 

The automatisation of MS-micro-techniques for the 
identification and characterisation of proteins from 2D
gels through determination of the molecular weight of
their proteolytic fragments using HPLC ESI-MS/MS has
been established.

X-ray crystallography   The main emphasis in X-ray
crystallography is the structural analysis of proteins at 
the atomic level. A pipette-robot, as well as a modern 
X-ray unit with an area detector and rotating anode, are
available for crystallisation and data collection. Privileged
access to synchrotron radiation at DESY in Hamburg 
allows the generation of high resolution data and phase
determination using anomalous dispersion. 

Edman degradation   N-terminal protein sequencing 
is performed by automated Edman degradation. Appli-
cations include the elucidation of new protein sequences,
the identification of proteins in data bases, as well as
checking the identity and purity of recombinant proteins.
Samples, either in solution or bound to PVDF-mem-
branes, may be analyzed in the low picomolar range.

FESEM-techniques   Electron microscopy is used to
visualize the adherence to and invasion of host cells by 
a wide range of pathogens. Preparation protocols have
been customized to undertake studies using high 
resolution field emission scanning electron microscopy
(FESEM), which have revealed distinct pathways for in-
vading the same host cell. In addition, a methodology
has been developed to immuno-localize pathogenicity
factors using FESEM, not only on the bacterial cell surface
or the interface between bacterial and host cell mem-
brane, but also inside the host cell, using antibodies and
colloidal gold-particles. 

HEAD | Dr. Victor Wray   |   Research Group Biophysical Analysis

SCIENTIFIC COLLABORATORS | Dr. Heinrich Lünsdorf   |   Dr. Manfred Nimtz   |   Dr. Manfred Rohde  

03 Analytical Instruments

Dr. Victor Wray controls a sample for a NMR-measurement
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This platform is part of the research group Molecular
Recognition. Synthetic, soluble peptides, arrays of 
immobilized compounds, and special, commercially not
available, compounds are generated in close collaboration
with users. For the synthesis, modern equipment is
employed. Soluble peptides are routinely characterized
using HPLC and MALDI mass spectrometry. If necessary,
further characterization is carried out by amino acid ana-
lysis, sequencing, special mass spectrometry techniques
and NMR in the GBF’s Department of Structural Biology. 

Depending on intended usage and desired quality of 
the crude products, purifications are carried out, usually
by preparative HPLC. For special investigations, modified
peptides are required and synthesized accordingly. 
Routinely, the platform offers the following modifica-
tions: phosphorylations, biotinylations, lipid additions, 
branched peptides and cyclizations.

SPOT-arrays   The synthesis of peptide arrays for the
systematic and empirical search for peptide ligands is 
also carried out in close cooperation and collaboration
with users. In particular, for the design of such arrays a
thorough understanding of the biological problem is
essential, for which a close cooperation with our clients 
is essential. The SPOT-arrays are generated on paper
sheets or other polymeric supports, according to the
method developed by Dr Ronald Frank, currently semi-
automatically, but in the near future with the help of new
synthesis robots, fully automatically. Every year, approxi-
mately 15,000 peptides and peptide mixtures are gene-
rated in an array format and utilized for the investigation
of protein-protein interactions and enzyme-substrate
recognition. In a 20-step synthesis, galactosyl ceramide
was synthesized and coupled to a synthetic peptide. This
class of compounds is used by the GBF’s Vaccine Research
group for the development of mucosal vaccines.

HEAD | Dr. Werner Tegge   |   Research Group Molecular Recognition

SCIENTIFIC COLLABORATORS | Dr. Ronald Frank   |   Dr. Michael Morr

04 Peptide- and Chemical Synthesis

Until today, the service unit has produced and characterized about 2000 soluble peptides. Modern

equipment together with personal knowledge are fundamental for this service.

Photo: Bierstedt
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GMP-quality pharmaceutical ingredient production
Due to the complexity of projects for GMP-quality 
pharmaceutical ingredient production, the number of
such projects is small, whereas the resources required are
fairly extensive: Fermentation processes for two vaccine 
candidates against malaria (MSP-1 (K1), MSP-1 (3D7))
expressed in E. coli were developed for the “Zentrum für
Molekulare Biologie der Universität Heidelberg” (ZMBH).
The cell mass was transferred for further processing to 
the Walter Reed Army Institute of Research (WRAIR) 
in Silver Springs, MS, USA. Due to the current difficult 
economic situation in Germany, the demand for GMP-
process development and production from start-up 
Biotech companies has declined. However, this decline
was well compensated for by an increased demand 
from the pharmaceutical industry. During 2002, process
development projects and feasibility studies were carried
out. All of these projects focussed on the development 
of processes for recombinant biopharmaceutical ingre-
dients.

PROGRAMME SPEAKER | Dr. Holger Ziehr   |   Research Group Quality and Product Management

Programme “Biotech Facilities”

In 2002, the Biotech Facilities of the GBF were re-orientated to a technology platform providing services

for clients both within and outside the Helmholtz Association. These services comprise the development

and scale-up of cultivation processes for microbial and animal cells, and purification processes for the

isolation of biomolecules, such as proteins, nucleic acids and antibodies from cell mass and supernatant.

At the GBF, various biotechnological pilot plants are available for this purpose, housing bioreactors and

centrifuges, as well as chromatographic and filtration systems. The facilities have been licensed since

1997 in accordance with the German Drug Act (AMG), thus enabling novel active pharmaceutical ingre-

dients to be produced for clinical research. In compliance to the regulations, a highly compartmented

clean room pilot plant (GMP I) was installed in 1999. In order to satisfy increasing demand for capacity

and quality, an additional plant was installed in 2001 (GMP II). The commissioning and qualification of

GMP II was planned for 2002, but was put on hold temporarily. During 2002, a total of 240 fermen-

tations were performed in the Biopilot Plant, of which 90 were for external clients. Of these, 37 came

from universities and academia and 53 from industry.

Stefan Kluger controls the 500 L bioreactor of the GMP II-

plant.

Photo: Bierstedt
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Proteins from recombinant microorganisms   Our
work is concerned with the identification and resolution
of bottlenecks associated with the production of biologi-
cally active proteins using recombinant microorganisms.
It includes investigating the physiology of protein produ-
cing cells and the mathematical description and predic-
tion of cellular reactions to the forced synthesis of foreign
protein employing techniques such as proteom and meta-
bolic flux analysis. We are also concerned with develo-
ping process strategies for the efficient synthesis, possible
renaturation, and purification of biologically active pro-
teins from microbial expression systems

Successful protein production through an under-
standing of the physiology of the microbial cell 
factory   The energy requirement of the producing cell
strongly depends on the environment of the producing
organism and the specific properties of the target pro-
duct. Synthesis of a protein with a tendency to aggregate,
or which is prone to proteolytic degradation, may cause
cells to respond with an increased energy requirement.
This may result not only in increased respiratory activity,
but also in reorganisation of the synthesis of metabolic
enzymes of the energy generating machinery.

Based on this knowledge, a high cell density procedure
for the production of human bone morphogenetic pro-
teins, such as hBMP-2, was developed, which resulted 
in a yield of 8-9 g L-1 rhBMP-2 in the bioreactor. The
recombinant protein was produced in the form of in-
active inclusion bodies. The applied renaturation and
purification procedure resulted in an active protein 
corresponding to 750 mg biologically active rBMP-2 per
liter of culture broth.

PROJECT LEADER | Priv.-Doz. Dr. Ursula Rinas   |   Research Group Downstream Processing 

(formerly: Research Group Microbial Systems)

PROJECT MEMBERS | Eriola Betiku   |   Heike Baars-Hibbe   |   Luis Felipe Vallejo   |   Xin Lu

01 Microbial Expression and Production Systems

Analysis of cellular protein synthesis by two-dimensional 

gel electrophoresis revealed elevated synthesis rates of cAMP-

CRP controlled enzymes of the tricarboxylic acid cycle 

(1: SdhA succinate dehydrogenase, 2: LpdA dihydrolipoamide

dehydrogenase, dehydrogenase subunit of the multienzyme

complex of pyruvate dehydrogenase and ketoglutarate 

dehydrogenase) after temperature-induced product synthesis. 

(left side: proteom prior to induction; right side: proteom

after induction; 35S-labelling). The more abundant dehydro-

genases of the tricarboxylic acid cycle (3: Icd isocitrate dehy-

drogenase, 4: Mdh malate dehydrogenase) show slightly

reduced synthesis rates after induction. A pronounced

increase in the synthesis of heat shock proteins after in-

duction is obvious (marked in red, DnaK and GroEL are

highlighted).
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While in the past, our activities were mainly directed
towards developing strategies for efficient microbial de-
gradation processes, more recently, our work has been
focused more towards the elucidation of biological re-
action mechanisms by combining experimental tech-
niques with mathematical modelling. On the basis of
mechanistic concepts, mathematical models were genera-
ted capable of describing a system’s dynamics. The dis-
crimination of different models can help to elucidate
reaction mechanisms and pathways.

Protoanemonin formation by Alcaligenes 
euthrophus In collaboration with the research group
Biodegradation, a new catabolic pathway of Alcaligenes
euthrophus, which leads to the formation of protoanemo-
nin from 2-chloromuconate, was investigated. Two enzy-
mes catalyse this reaction, a muconate cycloisomerase,
(MCI), and a muconolactone isomerase, (MLI). In addi-
tion to protoanemonin, cis- and trans-dienlactone are
also formed, and 2- and 5-chloromuconolactone (2CML
and 5CML, respectively) were identified as intermediates.
The reaction mechanism was elucidated with the aid of 
a mathematical model. Using the steady state theory, 
the differential equations of all the involved reactions
were generated and the system solved numerically using
the Matlab software platform. Experimental results and 
a good correlation between model and experiments 
produced a reaction mechanism based on an equilibrium
between the substrate and the two intermediates. Proto-
anemonine is then formed from 2CML, and cis- and trans-
dienlactone from 5CML by irreversible reactions. The
model is also able to predict the product ratio of in vitro
kinetic experiments using different enzyme ratios quite
well.

PROJECT LEADER | Dr. Volker Hecht   |    Research Group Upstream Processing 

(formerly: Research Group Environmental Biochemical Engineering)

PROJECT MEMBERS | Ludwig Bischoff   |   Mustafa Shalaby   |   

02 Biological System Analysis

Kinetics of multiple substrate systems   The design 
of efficient treatment systems for industrial waste waters,
containing toxic compounds, based on reaction kinetic,
requires kinetics capable of describing the system under
stationary as well as under dynamic conditions, and kine-
tic equations derived for single toxic compounds, being
transferable to multiple substrate systems. The transfera-
bility of kinetic equations was investigated using the de-
gradation of phenol, benzoate, and acetate by Burkholderia
cepacia G4 as a model system. It was shown that mixtures
of these three compounds were degraded completely and
simultaneously. Under stationary conditions, degradation
of substrate mixtures can be well described using the stoi-
chiometric and kinetic parameters derived from single
substrate experiments. 

The presence of more than one carbon source leads to 
an increase of the critical dilution rate at which substrate
accumulation is observed in the reactor. By this means,
the efficiency of the process is increased. Under dynamic
conditions, decoupling of the catabolic and anabolic
flows was observed. The microorganisms adapted slowly
to changing environmental conditions. The time con-
stants revealed that this adaptation is the result of gene-
tic, not enzymaticregulation, most probably by adjust-
ment of enzyme concentration in the cell. Hence,
macroscopically, kinetic and stoichiometric parameters
are not constant, and “culture history” has an influence
on the kinetics.
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One of the most important challenges in Cell Culture
Technology is the reliable and reproducible cultivation of
animal cells under completely defined culture conditions.
The goal is to eliminate components of animal origin,
thereby, as far as possible, making use of new economic
and competitive processes. 

Optimising the productivity of suspended HEK293
cells   Compared to microbial expression systems, protein
expression in mammalian cells is time-consuming, mainly
because of the difficulty of generating a stably producing
cell line. In contrast, transient gene expression without
stable integration into the chromosomal DNA enables
protein synthesis to proceed immediately after gene trans-
fer. Up to now, transient transfection was characterized by
the disadvantage that at least a low amount of serum was
necessary for efficient gene transfer.

To optimise the productivity of transiently transfected
HEK293s cells, a model production system was established
in collaboration with the Department of Gene Regulation
and Differentiation, initially by constructing two different
bicistronic plasmids expressing the target gene in the first
position and a reporter gene in the second, and vice versa.
Applying polycation-mediated gene delivery, we thus 
established a transfection system which produced up to
70 % transfectibility under completely defined serum-free
culture conditions.

Perfusion system for mammalian cell bioreactors
All cell separation systems have the disadvantage of 
being limited in their scalability. Therefore, a special
hydrocyclone for separating mammalian cell lines in 
continuously perfused bioreactors was developed. 

During a 2-hours, quasi steady state period of HeLA cell
cultivation in a 6 L stirred tank bioreactor, the hydrocyclone
was operated for 3 min at a flow rate of 1L min-1 This 
corresponded to a residence time of the culture broth 
within the hydrocyclone of less than 0.2 s. Viability of 
the cells was always above 90 %. Such hydrocyclone 
performance can be maintained with any other perfusion
system, provided the residence time in the hydrocyclone 
is not significantly changed.

Immortal cells for the expression of tissue-specific
functions   In vitro models are important for understan-
ding tissue functions in organs and for therapeutic appli-
cations in pharmacology and toxicology, as well as for the
development of bioartificial tissue supports. Standard con-
tinuous cell lines would be suitable if it were not for the
fact that they loose a substantial part of their tissue-speci-
fic properties during immortalization – they dedifferen-
tiate like tumor cells. 

Therefore, in collaboration with the Fraunhofer Institute
for Toxicology and Experimental Medicine in Hanover,
different immortalized hepatocytes, derived from trans-
genic and knockout mice, were investigated for their
potential to conserve the physiological properties of 
primary hepatocytes under chemically defined serum-
free medium conditions. The transgenic cell lines showed
cytochrome-P450 activity, consumed lactate, and secreted 
albumin at a cell specific rate which was of the same order
of magnitude found in primary hepatocytes. Moreover, the
potential of detoxifying ammonium was preserved in the
transgenic cells. In contrast, a tumor-like cell line derived
from neonatal p53 knockout mice ceased to show any
liver-specific properties. Our investigations show that
immortalization of cells by transgenes can conserve tissue-
type expression patterns and are suitable as continuous
cell lines with specific properties.

PROJECT LEADER | Prof. Dr. Roland Wagner   |   Research Group Upstream Processing 

(formerly: Research Group Cell Culture Techniques)

PROJECT MEMBERS | Christoph Priesner   |   Maria de los Milagros Bassani Molinas   |   Elsayed Ahmed Elsayed

03 Cell Culture Technology

Work in the Cell Culture Lab: Starting a fermentation 
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1. Research Financing

In 2002, the total costs of the GBF amounted to 
47.8 Mio. € with more than half, 27.3 Mio. €, devoted 
to the programme “Infection and Immunity”. Each of 
the other three programmes, “Comparative Genome 
Research”, “Sustainable Use of Landscape”, and “Bio-
chemical Engineering” amounted to about 6 Mio. €. 

External funding   More than 60 % of the external 
funding came from national research programmes. 
About 14 % was obtained from EU programmes and
Industry, respectively.

Prof. Dr. Rainer Jonas   |   Department of Scientific Information

Costs per programme (in T€)

Research Area Programme Full Costs 

Health

Total Sum

Earth and 

Environment

Total Sum

National and Inter-

national Research

Platform

Special Tasks

Total Sum

Infection and Immunity

Comparative Genome Research

Earth and Environment

Sustainable Use of Landscape

Biochemical Engineering

27 275

6 220

33 495

5 804

5 804

6 932

1 604

47 836

External Financing (in T€)

Source Sum

BMBF

DFG

EU

Industry

State of 

Lower Saxony

Others

Total Sum

7 290.67

1 117.05

1 851.21

1 733.07

109.39

731.25

12 832.64

Sustainable Use 

of Landscapes   12 %

Special tasks   3%

Comparative Genome

Research   13 %

Full costs 2002

Biotech Facilities   14%

Infection and Immunity   58 %

DFG   9 %

State of Lower Saxony   1%

Industry   14 %

External Funding 2002 – by source

Others   6%

EU   14 %

BMBF   56 %
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Patents / Licences   In 2002, eight patents have been
applied for, four each in Germany and Europe. Seven 
of these patents were originated in the research area
“Health”. During the same period seven patents have
been granted, all in the research area “Health”. The num-
ber of licence agreements increased two-fold, compared
to the previous year.

Publications, Professorships, DFG-Programmes, and
Guest Scientists   The total number of publications
remained about constant during the last years. In 2002,
more articles were published in ISI-listed journals. 
In 2002 and 2003, several articles have been published 
in highly renowned journals like Nature or Cell (for 
more details, see under “Publications” in the section
Scientific Reports)

Patents and Licences, Year 2002

Total number Germany Abroad

Priority based applications

(2002) 

Priority based applications, 

total number 

Granted patents (2002)

Total number of held patents*

Licence agreements 

(total number)

Licence proceeds ** (in T€)

4

107

1

16

24

243

4

22

6

58

14

65

8

129

7

74

38

308

* This number of patents has been counted differently compared to previous reports. 
European patents were counted as one patent, and no longer counted for each of 
the countries. 

**Including revenues from other “know-how”-transfer agreements

Quantitative

Parameters

Category 2000 2001 2002

Publications

Calls for 

professorships

Special DFG-

Programmes

Guest Scientists

Publications in ISI-listed

journals

Books and publications 

in other journals

Total number

Habilitations

Dissertations

Calls for C3- and C4-

professorships at universities

Special fields of interest,

Transregios

DFG-Research Focus (SFB)

Graduiertenkollegs

Total number

205

38

243

4

29

3

9

7

3

19

94

222

27

249

3

14

3

13

6

1

20

107

206

47

253

2

26

0

2

6

1

9

116
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Intellectual Property   In 2002, the Ascenion Ltd. Co., 
an IP-corporation of several Helmholtz Centres, was
founded with its main office in Munich. On the 
GBF-Campus Ascenion Ltd. Co. has established a local
office. 

Four Helmholtz Research Centres, that are mainly active
in health research, founded Ascenion. The company will
merchandise the intellectual properties of these centres,
but also offers its services to other institutions in the life
science sector.

On 1 April, 2002, Ascenion Ltd. Co. opened its office with
two employees on the 4th floor of the Biotec-Campus at
the GBF. 

GBF-FORUM   In its 3rd year after inauguration, the
GBF-FORUM continued to host an increasing number
of events. During 252 days in 2002, more than 1000
events took place in this building.

Ascenion Ltd. Co. principally manages the following areas 

for the GBF:

• Acquisition and management of intellectual property

• Evaluation of the commercial potential of an invention before 

patent filing

• Development and employment of strategies for the exploitation 

of the GBF patent portfolio

2. Technology Transfer   

The GBF has a great potential for the development of
innovative products, processes and services, especially 
in cooperation with industrial partners. Therefore, an
important goal is to foster the transfer of research results
into industrial applications through technology transfer.
Thus, the establishment of spin-off and start-up biotech
companies, licence agreements as well as service contracts
with industrial partners are important elements for the
transfer of R&D results. In order to further support tech-
nology transfer activities, the GBF is a member of the 
BioRegioN and the “Transferkolleg Biotechnologie e.V.”. 
Furthermore, the GBF is an active partner in BioRegioN
GmbH as well as in “BioProfil Functional Genome Analysis”.

The GBF Biotech Campus   The GBF offers about 
1900 sqm of laboratory and office space for spin-off and
start-up companies in the 3rd and 4th floor of building Y.
An important contribution to the financing of common
equipment has come from the Ministry of Economics 
of the State of Lower Saxony. At the moment, this space 
is fully occupied. Therefore, the City of Braunschweig
with support from the State of Lower Saxony and other
organizations has built the “BioTec-Gründerzentrum”
close to the GBF-Campus. Since the end of 2002, the 
new building is set up ready to house start-up companies.
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List of the firms in the “Biotec-Gründerzentrum” of the City of Braunschweig (30.09.2003)

Company

Research Group Wound

Healing of the 

TU Braunschweig

Vakzine Management

GmbH

BioRegioN

GlycoThera GbR

Forum Functional 

Genome Analysis

in BioRegioN

Contact person

Prof. Dr. Peter Mühlradt

Dr. Albrecht Läufer

Dr. Albrecht Läufer/

Hannes Schlender

Dr. Harald Conradt

Hannes Schlender

Telephone/Fax

0531-1217-954; Fax: -958

0531-2850-40; Fax: -429

0531-2850-415/-416; 

Fax: -428

0531-7996-785; 

0531- 6181-287

0531-2850-416; Fax: -428

E-Mail Address

jacobi@vakzine-manager.de

braunschweig@

bioregion.de

hco@gbf.de

Hannes.schlender@

bioregion.de

Homepage

www.vakzine-manager.de

www.bioregion.de

www.glycothera.de

www.forum-

genomanalyse.de

List of the firms on the GBF Biotech Campus (30.09.2003)

Company

Ascenion GmbH

Hartmann Analytic GmbH

Cosmix GmbH

AIMS Scientific Products

GmbH

RELIATech GmbH

Lionex GmbH

IBA Biologics GmbH

AMODIA Biosciences GmbH

Eugene GbR

BIOS- Biotechnologisches

Schülerlabor

Contact person

Dr. Sabina Heim/

Tina Damm

Dr. Ursula Hartmann

Dr. Ralf Kaufmann/ 

Ute Heidrich (Sekretariat)

Dr. Norbert Zander

Dr. Bernhard Barleon

Dr. Ralf Spallek/ 

Dr. Eva Gebhardt-Singh

Dr. J. Bertram/Dr. Garke

Dr. Ulrich Krause/

Dr. Sabine Peters

Dr. Werner Müller

Dr. Iris Eisenbeiser/ 

Arntraud Meyer

Telephone/Fax

0531-6181-961/-962; 

Fax: -963

0531-26028-0; Fax: -28

0531-12086-0; Fax: -99

0531-2602-865; 0177-

7637299; Fax: 2602-866

0531-260-1832; Fax: -1833

0531-6180-653/-652;

Fax:2601159

0551-50672118; GBF: 170

0531-260-1764; Fax: -1766

0531-6181-687

0531-6181-945; Fax: -949

E-Mail Address

she@ascenion.de 

tda@ascenion.de

hartmann@hartmann-

analytic.de

rka@cosmix.de

uhe@cosmix.de 

nza@aims-scientific-

products.de

info@reliatech.de

msi@lionex.de

sabine-peters@amodia.de

ulrich.krause@amodia.de

wmu@gbf.de

Bios.lab@gbf.de

Homepage

www.ascenion.de

www.hartmann-analytic.de

www.cosmix.de

www.aims-scientific-

products.de

www.reliatech.de

www.lionex.de

www.amodia.com
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Members of the Supervisory Board and the Scientific Committee (30.5.2003)

Function

Chairman SB

Vice-Chairman SB

SB

SB

SC

SC

SB + SC

SC

SB

SB

SC

SC

SC

SB + SC

SB + SC

SB + SC

SB + SC Vice-Chairman SB

SB + SC Chairman SC

SC

SC

SB + SC

SB + SC

Name, Title

Lange, MinDirig Dr. Peter

Weise, MinDir Dr. Dr. Christian

Warmuth, MinR Dr. Ekkehard

Kuhny, RD Corinna

Apweiler, Dr. Rolf

Pfeffer, Prof. Dr. Klaus

Daniel, Prof. Dr. Hannelore

Winterfeldt, Prof. Dr. Ekkehard

Bilitewski, Prof. Dr. Ursula

Bode, Prof. Dr. Jürgen

Schendel, Prof. Dr. Dolores

Birchmeier, Prof. Dr. Walter

Mann, Prof. Dr. Matthias

Jockusch, Prof. Dr. Brigitte

Schiebler, Dr. Werner

Bitter-Suermann, Prof. Dr. Dieter

Grummt, Prof. Dr. Ingrid

Jäckle, Prof. Dr. Herbert

Röllinghoff, Prof. Dr. Martin

Wittinghofer, Prof. Dr. Alfred

Pfeiffer, Dr. Dorothea

Müller-Kuhrt, Dr. Lutz

Organisation

BMBF

NMWK

BMBF

NMF

European Bioinformatics 

University

Technical University

University

GBF

GBF

GSF

MDC

University

Technical University

Prom. Ass.Human Genome Research

MHH

DKFZ

MPI

University

University

BST

AnalytiCon AG

Locality

Bonn

Hannover

Berlin

Hannover

Cambridge

Düsseldorf

München

Hannover

Braunschweig

Braunschweig

München

Berlin-Buch

Odense/Dänemark

Braunschweig

Frankfurt

Hannover

Heidelberg

Göttingen

Erlangen

Dortmund

Berlin

Potsdam

3. Personnel and Organization 

Personnel At the end of 2002, the GBF staff comprised
636 persons with full time and part time occupation.
Additionally, 101 guests worked in various projects, 
receiving their payment from third parties. In total, 255
scientists were working at the GBF, including 86 postdocs
and 75 PhD-students. 

Boards and Assemblies of the GBF The boards and
assemblies of the GBF are the Board of Trustees, the
Supervisory Board, the Scientific Committee and the
Managing Directors. 

Board of Trustees  The Board of Trustees is formed by
the two trustees of the GBF, the Federal Republic of Ger-
many and the State of Lower Saxony, represented by their
respective departments, the Federal Ministry of Education
and Research (BMBF) and the Lower Saxony Finance
Ministry.

Supervisory Board   The Supervisory Board oversees the
legality, expedience and economy of the management. It
decides on general research goals, the principal research
policy and financial affairs of the centre. It consists of a
maximum of 15 members..

Scientific Committee The Scientific Committee consists
of members of the Supervisory Board and external scien-
tific experts. It advises the Supervisory Boards with regard
to the R&D programme as well as general research strategy
of the GBF.
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Managing Directors The Managing Directors of 
the GBF: 
Research: Prof. Dr. Rudi Balling
Administration: Dr. Georg Frischmann 

Scientists Assembly The scientists assembly of the GBF
advises the Management in scientific matters. It consists
of 22 elected scientists. The Managing Directors, the
heads of the sections and junior research groups as well
as a representative of the PhD-students are guests of the
assembly. Chairman was Dr. Anton Roß (until May 2003)
followed by Dr. Wolf-Rainer Abraham (since May 2003).
Vice-chairman is Dr. Siegfried Weiß.

Direktorium The “Direktorium” advises the Managing
Directors of the GBF in all important questions of the
Centre. Members are the Managing Directors, the heads
of the divisions, a representative of the junior research
groups and the chairman of the Scientists Assembly.

Staff Council The Staff Council has certain consultation
and co-determination rights in personnel and social que-
stions. It consists of 11 members, elected by the GBF staff.
Chairman is John Aubert.

Equal Opportunities Officer  is Evelyn Rohn-Stenzel.

Prof. Dr. Rudi Balling (le), Dr. Georg Frischmann (ri)

Photo: Bierstedt
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Division of 
Microbiology (MIK)
Prof. Dr. K. N. Timmis

Division of Natural
Products (NST)
Prof. Dr. G. Höfle*

Division of Cell and
Immune Biology (ZIB)
Prof. Dr. J. Wehland

Division of Molecular
Biotechnology (MBIO)
Dr. H. Hauser

Division of Biochemi-
cal Engineering (BVT)
Dr.H.Ziehr*(“Prokurist”)

Dept. Environmental
Microbiology (UMW)
Prof. Dr. K. N. Timmis

Dept. Natural Product
Chemistry (NCH)
Prof. Dr. G. Höfle

Dept. Experimental
Immunology (EI)
Dr. W. Müller

Dept. Genome 
Analysis (GNA)
Dr. H. Blöcker*

RG Quality and 
Project Management
(QPM) Dr. H. Ziehr

RG Biodegradation
(DEG)
PD Dr. D. Pieper

Dept. Natural Product
Biology (NBI)
Prof. Dr. G. Höfle*

Dept. Cell Biology (ZB)
Prof. Dr. J. Wehland

Dept. Gene Regulation
and Differentiation 
(RDIF) Dr. H. Hauser

Upstream
Processing (KVT)
Dr. A. Roß

RG Chemical 
Microbiology (CMIK)
Dr. W.-R. Abraham

JRG Molecular Biology
of Myxobacteria (MX)
Dr. R. Müller

RG Molocular 
Recognition (MERK)
Dr. R. Frank

RG Protein 
Glycosylation (PGL)
Dr. H. Conradt

RG Downstream
Processing (ABT)
K. Kroner

Dept. Microbial Pathogenicity&

Vacccine Research (MPAT)

Prof. Dr.G. S.Chhatwal

Central Animal 
Facility (TEE)
Dr. D. Monner

RG Epigenetic Regulation

Mechanisms (EPI)

Prof. Dr. J. Bode

RG Quality Control
(QC)
Dr. J. Berlin

RG Vaccine Research
(VAC)   
PD Dr. Dr. C. A.Guzmán

RG Mucosal 
Immunity (MI)
Prof. Dr. J. Buer

RG Molecular 
Immunology (MOLI)
Dr. S. Weiß

JRG Infection 
Genetics (ING)
Dr. A. Lengeling

JRG Conformational Protein-

Ligand Interactions (KPLI)

Dr. J. Eichler

JRG Immuno-
dynamics (ID)
Dr. M. Gunzer

SCIENTIFIC GROUPS

Scientific Director (GFW) Prof. Dr. R. Balling
Administrative Director (GFA) Dr. G. Frischmann

Supervisory Board (AR)
MinDirig Dr. P. Lange, BMBF, Chairman
MinDir Dr. Dr. Ch. Weise, Niedersächsisches MWK, 
Vice-Chairman

Scientific 
Commtittee (WK)

Chart of Organisation, Status 1st Oktober 2003
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Dept. Structural 
Biology (SB)
Prof. Dr. D. Heinz

RG Biophysical 
Analysis (BA)
Dr. V. Wray

Scientific and Technical
Services (WTD)
PD Dr. K. Schughart

Scientific 
Information (WI)
Prof. Dr. R. Jonas

Library (BIB)
A. Plähn

Computer 
Centre (RZ)
Dr. N. Bedorf

Safety and Environ-
mental Affairs (SU)
Dr. E. Grund

Administration and
Infrastrukture (VIN)
Dr. G. Frischmann

Personnel Affairs (PA)
M. Kaczmarek 
(“Prokurist”)

Financial Affairs 
(FA)
G. D. Beutin

Pruchasing and 
Material Management
(EM) B. J. Scherer

Legal Affairs and 
Licenses (JUR) Dr. C.
Kügler-Walkemeyer

Patents (PS)
D. Meseke

Technical 
Services (TB)
O. Rabe

Public Relations 
(ÖA)
T. Gazlig

Controlling (CO)
PD Dr. K. Schughart
U. Richter
Dr. M. Strätz

Internal Auditing and
Organisation (IRO)
H. Ohrdorf

Board of Scientific
Directors (DR)

Staff Council
J. Aubert

Assembly of 
Scientists (WV)
Dr. W.-R. Abraham

Equal 
Opportunities Officer
E. Rohn-Stenzel

Abbreviations:

Dept. Department

RG Research Group

JRG Junior Research Group  

* temporarily acting
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Protein complex between Internalin and E-Cadherin
The bacterium Listeria monocytogenes causes listeriosis, an
illness that frequently ends fatally in humans. At the 
surface of the bacterium the protein internalin is expressed
in high amounts. In the course of an infection, it interacts
specifically with the protein E-cadherin located on the
surface of human intestinal cells. Adherance to E-cadherin
allows the bacterium to enter intestinal cells to replicate
and to subsequently spread throughout the organism.
Scientists from the Department of Structural Biology at
the GBF have resolved the three-dimesional structure of
the complex between internalin and E-cadherin allowing
detailed insights to a bacterial infection process at the
molecular level.

View of the GBF campus from the South. The
FORUM, providing venues for seminars, lectures and
other functions, can be seen in the left half of the
photo. The GBF-building D is located behind the
FORUM in the centre of the image. Here, a number 
of research groups are investigating bacterial patho-
genicity and developing vaccines. The building at the
right is the new animal facility. In the back, on the left, the
upper levels of the German Collection of Micro-
Organisms and Cell Cultures (DSMZ) building can 
be seen.

Site plan of the GBF

Cover thumbnail pictures from left to right: Determining the structure of proteins by X-ray crystallography

requires large quantities of very pure protein preparations. A single protein (blue band, right-hand lane) 

has been isolated from a crude mixture of cellular proteins (left lane).   |   Large scale protein production 

is achieved by fermentation of recombinant yeast cells.   |   Crystals of the protein internalin.   |   Protein

crystals are observed and selected under the microscope before being prepared for an X-ray analysis. Photos

(from left to right): GBF, Bierstedt, GBF, Bierstedt 

Photo back cover: Radde
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